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COMPENDIUM  OF  UNSTEADY  AERODYNAMIC  MEASUREMENTS 


SUMMARY 

The  Compendium  contains  a  selection  of  wind-tunnel  measurements  made  on  some  of  the 
AGARD  Aeroelastic  Configurations  already  chosen  as  computational  test  cases.  Presenta¬ 
tion  of  the  numerical  data  in  the  form  of  separate  Data  Sets  is  preceded  by  a  general 
review  that  discusses  the  various  aspects  concerning  experimental  measurements  and  compari¬ 
sons  with  theoretical  computations. 
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NACA  C4A006.  Oscillating  flap 
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NACA  64A010  (NASA  Ames  model) .  Oscillatory  pitching 
by  Sanford  S.  Pa vis,  NASA  Ames 

2-1 

3 

NACA  0012.  Oscillatory  and  transient  pitching 
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NORA  model.  Oscillation  about  swept  axis 
by  N.C.  Lambourne 

7-1 

Further  Data  Seta  may  be  Issued  later,  as  addenda,  when  experimental  results 
Cor  other  configurations  becomo  available. 


Note t  Although  the  General  Review  and  the  Data  Sets  are  separate  contribu¬ 
tions,  a  consistent  scheme  of  numbering  the  pages,  references,  tables  and 
figures  Is  used  throughout  the  Compendium.  Thus,  for  instance  Table  m.n  is 
the  nth  table  of  Data  Set  s>*  For  the  General  Review  m  *  0. 
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GENERAL  REVIEW 

by 

N.  C.  Lambourne* 


1  INTRODUCTION 

Interest  in  the  kind  of  unsteady  aerodynamics  considered  here  arises  from  the  need 
for  information  relevant  to  the  aeroelastic  stability  of  aircraft.  The  continuing  need 
for  studies  is  due  to  design  developments  extending  to  different  types  of  flow  and  to 
new  structural  configurations.  At  present  there  is  special  interest  in  transonic  and 
separated  flows,  in  wings  specially  designed  for  supercritical  flow,  and  in  surfaces 
operating  as  part  of  active  control  systems. 

Advances  in  computational  fluid  dynamics  are  giving  impetus  to  the  development  of 
new  theoretical  methods  for  unsteady  aerodynamics.  The  development  of  satisfactory 
methods,  whilst  depending  ultimately  on  comparisons  with  experiment,  is  considerably 
helped  by  comparisons  between  one  computational  method  and  another.  To  assist  these 
developments  a  Working  Group  of  the  AGARD  Structures  and  Materials  Panel  has  already 
chosen  a  series  of  2-D  and  3-D  configurations  and  for  each  a  set  of  test  cases,  including 
a  priority  subset,  to  be  used  for  comparisons.  These  test  cases  are  fully  identified  in 
Refs  0.1  and  0.2,  which  are  the  documents  that  have  set  the  scene  for  the  present 
Compendium.  The  chosen  configurations  are  known  as  the  AGARD  Aeroelastic  Configurations 
and  it  is  now  convenient  to  denote  the  chosen  cases  associated  with  them  as  the 
Computational  Test  (or  CT)  cases. 

Although  some  of  the  configurations  and  some  of  the  CT  Cases  were  chosen  purely  for 
theoretical  interest  and  do  not  have  experimental  counterparts,  others  were  chosen  because 
they  had  been,  or  were  shortly  to  be,  the  subject  of  unsteady  measurements.  For  the  most 
part,  these  measurements  had  been  made  independently  by  various  researchers  and  the  result¬ 
ing  data  are  situated  at  separate  locations  or  in  diverse  documents.  The  present 
compendium  was  conceived  with  the  idea  of  collecting  into  a  single  document  the  experimental 
data  most  important  for  the  proposed  comparisons. 

Whilst  the  prime  purpose  is  the  presentation  of  numerical  data,  it  seemed  desirable 
to  include  information  about  the  experiments  themselves  and  to  mention  their  more  important 
results.  Also,  when  experimental  date  are  to  be  used  for  numerical  comparisons,  some 
indication  of  their  reliability  is  neededt  for  this  reason  a  general  discussion  of  the 
various  experimental  procedures  and  the  limitations  of  experimental  data  is  included. 

For  the  presentation  of  the  material,  it  has  been  found  convenient  to  follow  the 
kind  of  arrangement  already  used  in  an  AGARD  document,  Ref  0.3,  giving  a  data  base  for 
steady  aerodynamics. 

2  GUIDE  TO  COMPENDIUM 

The  complete  list  of  AGARD  Aeroelastic  Configurations  is  given  in  Table  0.1.  For 
those  configurations  having  Data  Ssts  in  this  Compendium  this  tabls  also  givss  ths  CT 
Casa  numbers  (as  defined  in  Refs  0.1  and  0.2)  for  which  thsre  are  experimental  data. 

For  those  configurations  not  having  Data  Ssts  ths  present  position  regarding  the  experi¬ 
ments  is  stated,  it  is  intended  to  issue  further  Data  Sets  'hfenaver  possible. 

The  Compendium  consists  of  a  General  Review,  of  which  this  present  taction  is  part, 
followed  by  seven  self-contained  Data  Sets.  Each  Data  Set  provides t 

-  means  for  identifying  end  locating  all  the  unsteady  measurements  that  could 
be  made  available) 

-  a  brief  overview  of  the  salient  features  of  the  experimental  results) 

-  numerical  data  from  those  tests  that  relate  directly  to  the  CT  Case*. 

Also,  by  means  of  s  standard  form,  each  Date  Set  givss  key  information  about  ths  test 
equipment  and  teat  conditions  -  information  that  may  be  found  important  when  comparing 
experimental  end  theoretical  results. 

It  is  hoped  that  the  information  contained  in  the  Data  Sets  will  satisfy  the 
theoretician  through  ths  first  stages  of  comparing  calculation  with  experiment.  At  some 
later  stags  the  need  may  arise  for  comparisons  with  experimental  esses  beyond  those 
selected  to  correspond  with  the  CT  Cases,  it  is  for  that  reason  that  each  Set  lists  all 
ths  experimental  tests  for  which  data  could  be  mads  available  it  requested  from  the 
original  source.  . ' . 

The  tables  pressnting  the  numerical  data  are  mostly  copies  of  computer  listings 
from  the  original  data  banka.  Therefore  the  forms  and  notations  differ  across  ths 
various  Data  Sets.  To  have  reformatted  the  data  to  a  standard  notation  and  lay-out  would 


*  Preparation  of  the  Review  end  editing  of  the  Compendium  was  funded  by  US  Air  Force  Office 
of  Scientific  Research,  European  Office  of  Aerospace  Research  end  Development. 
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have  required  much  labour  and  incurred  the  risk  of  introducing  errors  -  apart  from  which, 
a  familiarity  gained  with  the  original  form  makes  for  easy  communication  if  similar  data 
are  required  for  additional  cases. 

It  will  be  seen  from  Table  0.1  that  the  present  Data  Sets  extend  over  a  range  of 
2-D  section  shapes  and  3-D  planforms.  The  unsteady  model  motions  are  basically  either 
seme  form  of  rigid-body  pitching  or  control-surface  rotation;  they  are  mostly  small- 
amplitude  oscillations,  although  Data  Set  3  includes  large-amplitude  oscillatory  and 
transient  motions.  The  experimental  cases  also  include  a  variety  of  types  of  subsonic 
and  transonic  flow,  but  it  is  necessary  to  refer  to  the  Data  Sets  themselves  for  detailed 
specifications . 

It  may  be  noted  that  not  every  CT  Case  has  an  experimental  counterpart. 

2.1  Correspondence  between  experimental  and  computational  cases 

Although  it  is  true  that  the  related  CT  Cases  were  chosen  from  the  available 
experimental  tests,  the  degree  of  relationship  between  them  differs  over  the  complete 
series. 

The  type  of  unsteady  motion  is  basically  the  same  for  corresponding  experimental  and 
computation  cases.  In  some  CT  Cases  the  specification  of  parameters  such  as  amplitude, 
frequency,  Mach  number,  Reynolds  number,  model  incidence  and  flap  angle  are  in  exact  agree¬ 
ment  with  the  experiments.  But  for  Data  Sets  4  and  5,  which  both  relate  to  the  super¬ 
critical  aerofoil  MLR  7301,  there  are  differences  between  the  experimental  and  CT  values 
of  model  mean  incidence  o  and  Mach  number  M  as  shown  in  Table  0.2. 

IQ 

With  regard  to  Data  Set  4,  the  explanation  is  straightforward.  The  airfoil  was 
designed  by  a  hodograph  theory  which  predicted  shock-free  flow  at  M  =  0.721  and  am  » 

-0.19  deg.  In  the  MLR  experiments  this  type  of  flow  did  not  occur  for  those  theoretical 
values  of  M  and  <*m  but  was  approximated  as  closely  as  possible  for  a  different 

combination}  M  =  0,744  and  =0,85  deg.  The  differences  were  mainly  due  to  viscous 

effects  and  tunnel  interference.  Thus  the  CT  specifications  were  chosen  such  that  theory 
would  produce  flows  similar  to  those  observed  in  the  experiments,  on  the  argument  that 
these  specifications  will  compensate  for  the  two  effects. 

The  situation  with  regard  to  Data  Set  5  is  rather  more  complicated  beoause,  at  the 
time  the  CT  Cases  were  chosen,  these  data,  generated  at  NASA  Ames,  were  not  available. 

As  in  the  NLR  teste,  the  experiments  from  which  the  data  are  abstracted  were  run  for  com¬ 
binations  of  M  and  c>m  which  gave  classes  of  steady  flow  corresponding  to  those  pre¬ 
dicted  by  the  aerofoil  design  theory  using  the  CT  specifications.  Thus  tho  cases  of 
Data  Set  5  can  be  related  to  the  CT  Cases  on  the  basis  of  similar  flows  but  for  this  Set 
tho  values  of  the  frequency  parameters  do  not  match  the  CT  Cases  exactly. 

Data  Sots  4  and  5  form  a  uniguo  combination  in  providing  independent  measurements  of 
comparable  data  for  the  same  aerofoil.  However,  as  shown  in  Table  0.2  there  are 
differences  betwesn  the  Reynolds  numbers  for  the  two  sets  and  also  differences  in  regard 
to  the  use  of  boundary-layer  transition  trips.  Xn  addition  there  Is  an  appreciable 
difference  between  the  two  ratios  of  tunnel  to  model  size,  which  as  discussed  later,  may 
be  important  in  connection  with  the  effects  of  tunnel  interference.  Examples  of  compari¬ 
sons  between  these  two  Data  Sets  are  discussed  in  section  7. 

Certain  implications  arising  from  the  differences  between  the  experimental  and  CT 
specifications  will  be  discussed  later  in  section  8. 

3  GENERAL  NATURE  OF  UNSTEADY  DATA 

The  practical  requirement  is  for  aerodynamic  information  for  lifting  surfaces  and 
control  surfaces  undergoing  arbitrary  time-dependent  displacements  or  deformations.  Basic 
studies  are  usually  centred  on  2-D  or  3-D  model  configurations  performing  prescribed 
unsteady  motions  in  a  uniform  stream  with  steady  perturbations. 

Xn  considering  the  general  forms  of  the  aerodynamic  quantities  it  is  convenient  to 
restrict  the  discuetion  to  pressures,  the  quantities  that  are  measured.  Since  it  is  tho 
distribution  of  pressure  that  determines  the  resultant  forces  end  moments  it  will  be 
readily  appreciated  that  similar  remarks  can  apply  to  quantities  such  as  lift,  pitching 
moment  and  control-surface  hinge-moment.  For  the  time  being  discussion  will  be  concerned 
with  pressure  denoted  by  p  ,  the  introduction  of  non-dimensional  coefficients  being  left 
until  later. 

For  e  given  model  configuration  in  a  given  flow,  interest  lies  in  the  pressure  dis¬ 
tributions  associated  with  an  unsteady  change  in  a  model  displacement  parameter  g  ,  which 
is  e  general  coordinate  to  denote  angle  of  pitch,  control-surface  deflection  or  scute  other 
quantity  defining  the  unsteady  motion.  The  basic  problem  is  to  determine  pit)  for  the 
prescribed  time-wise  variation  git)  . 

Experiments  ers  sometimes  made  with  non-harmonic  forms  of  git)  ,  and  Indeed  Data 
Set  3  includes  tssts  in  which  incident#  Is  increased  approximately  linearly  with  time, 
but  most  unsteady  experiments  have  been  mads  for  oscillatory  conditions.  Although  there 
aru  special  interests  in  large-amplitude  motions,  the  main  concern  ie  with  small 


perturbations  and  the  most  usual  form  of  testing  is  with  small-amplitude  continuous 
harmonic  oscillations.  For  this  reason  it  is  the  pressure  quantities  relating  to 
harmonic  oscillations  that  will  now  be  discussed. 

We  consider  a  rigid  model  undergoing  oscillatory  pitching  motion.  In  addition  to 
specifying  Mach  number  and  Reynolds  number,  the  condition  of  the  model  is  defined  by 

-  a  mean  condition  about  which  the  oscillation  occurs,  specified  by  a  mean 

incidence  a  ; 

m 

-  an  oscillatory  motion  specified  by  the  sinusoid  #  =  #g  sin  wt  . 

Associated  with  this  oscillatory  condition  will  be  the  following  classes  of  pressure 
quantity: 

-  steady  pressure  for  the  steady  mean  condition? 

-  unsteady  pressure  for  the  oscillatory  condition:  this  includes  a  mean  and 
an  oscillatory  component; 

-  steady  pressures  resulting  from  steady  model  positions  which  correspond 
to  successive  instantaneous  positions  during  the  unsteady  excursions. 

when  a  system  can  be  regarded  as  linear  (ie  p  varying  linearly  with  #  )  there  are 
just  four  kinds  of  pressure  quantities  to  be  determined: 

(1)  steady  pressure  pg  for  the  steady  mean  condition  identioal  with  pm  the 
mean  pressure  during  the  oscillation; 

(2)  in-phase  component  normalised  by  motion  amplitude,  p'/ig  i 

(3)  in-quadrature  component  normalised  by  motion  amplitude,  pV#0  > 

(4)  steady  pressure  derivative,  dp/d#  , 

As  an  alternative,  a  modulus  and  a  phase  angle  can  replace  the  in-phase  and  in-quadrature 
components. 

The  distribution  of  pg  characterizes  the  type  of  flow,  which  in  many  respects 
influences  the  oscillatory  and  derivative  pressures.  Components  p'/#0  and  pV#0  are, 

in  general,  dependent  on  the  frequency  of  oscillation,  and  their  variations  with  frequency 
give  an  indication  of  the  effects  of  unsteady  aerodynamics.  In  a  linear  system  the 
derivative  dp/d#  is  the  zero-frequenay  equivalent  of  PV#0  ,  and  provides  a  useful 

from  which  the  effects  of  unsteadiness  can  be  assessed. 

.  - non-linear itios  are  present,  the  pressure  variation  can  be  expressed  as  the 

'r;-~  ieV  aeries: , 

p(t)  -  pn  +  p*  sin  ut  +  p"  cos  kit  +  p£  sin  2ut  ♦  pj  cos  2ut 


plus  higher  harmonics.  In  tho  general  non-linear  case  the  Fourier  coefficients  are  not 
necessarily  proportional  to  the  motion  amplitude  #0  ,  and  the  mean  pressure  pa  is  not 

necessarily  the  same  as  the  steady  pressure  pg  .  Also  the  steady  derivative  dp/d# 
needs  to  be  replaced  by  (mother  concept  which  will  be  discussed  in  the  following  section. 

For  attached  flow  serious  non-linearities  in  pressure  usually  occur  only  for  posi¬ 
tions  close  to  either  a  leading-edge,  a  flap  hinga-line  or  a  shockwave.  Consequently 
being  localised,  the  non-linearities  tend  to  disappear  when  the  pressures  are  integrated 
to  give  forces  and  moments.  It  is  for  this  reason  that  even  when  non-linearity  ie 
present,  practical  interest  continues  to  be  centred  oh  the  fundamental  components  p'/#n 
and  p*/#c  .  In  most  of  the  experiments  included  here,  no  attempt  was  made  to  measure 

any  of  the  higher  harmonics  although  large .non-linearities  were  known  to  be  occurring  at 
a  shockwave.  .  >  . 

4  S0IAT10N  ■  , 

Various  symbolic  notations  are  used  in  the  documents  from  which  the  information  in 
the  Oats  Seta  has  been  obtained,  because  the  ;data  listings  are  presented  in  their 
original  form,  it  ie  necessary  to  explain  the  individual  notations  in  each  Data  set. 

Some  uniformity  in  notation  ie  however  desirable  for  future  discussions  and  for 
this  reason -aland,  in  Reft  0.1  and  0.2,  has  rtccmmehded  a  basic  notation,  This  has  bean 
extended  in  this  Compendium  and,  although  the  data  listings  ratain  their  original  forms, 
a  move  towards  a  standard  notation  has  been  made  In  preparing  the  diagrams  and  descriptive 
material  for  the  Data  Seta. 
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The  following  scheme  is  consistent  with  that  proposed  by  Bland  although  there  are  a 
few  minor  changes.  The  sign  conventions  and  some  of  the  major  definitions  are  shown  in 
Fig  0.1  reproduced  from  Ref  0.2.  The  present  scheme  includes  the  basic  notation  and  an 
extension  to  deal  with  the  unsteady  aerodynamic  quantities. 

BASIC  NOTATION 


•  i  t 


!  '■ 


Model  geometry 

local  chord:  c 

root  chord:  cf 

model  span:  s 

full-span  aspect  ratio:  AR 

sweepback  angle;  A 

taper  ratio:  A  =  tip  chord/root  chord 

streamwise  position  aft  of  root  leading  edge:  x 

chordwise  position  aft  of  local  leading  edge:  5c 

spanwise  position:  ns 

local  position  of  pitching  axis:  xa 

local  position  of  flap  hinge: 

incidence:  a 

flap  angle:  £  (measured  in  a  streamwise  section) 


Stream 

Mach  number :  M 

Reynolds  number  based  on  root  chord:  Re 

velocity:  V 

static  pressure:  P„ 

total  pressure:  pt 

dynamic  pressure:  q 

total  temperature:  Tq  •' 

ratio  of  specific  heats:  y 

Model  pressure  (steady  or  instantaneous  values) 

surface  pressure:  p  •  v  ' 

.  V  pressure  coefficient:  C„  *  (p  -  pj/q 
pressure  ratio:  p/pt 

pressure  resultant  loading:  ACp  *  (Cp  -  Cp  ^  ) 

Model  surface  flow 

local  Mach  number  N*  determined  from  a  measured  pressure  ratio  by  the  isentropic 
relation:  "  , 


— ■ -  ■] if 


Section  force  coefficients 


l 


iCpd(x/c) 


pitching  moment:  c  * 

n 


/ac p(*t/c  - 


X/c)d(X/c) 


(Mote:  this  definition  of  cm  is  more  general  than  that  in  Fig  0.1  because  it 
relates  to  the  moment  about  point  x.  which  need  not  be  the  same  as  a  about 

o  -  ■  tt 


which  the  model  is  pitching.) 

i 

flap  lift:  otg  -  J  ACpd (x/c) 
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Section  force  coefficients  (concluded) 


i. 

flap  hinge  moment!  ch  =  j  AC^fx^/c  -  x/c)d(x/c) 


UNSTEADY  NOTATION 
Model  motion 


non-dimensional  time:  t  s  2vt/c 

general  coordinate  for  model  motion:  4 

arbitrary  motion:  4(t)  or  4(t) 

oscillatory  motion:  4  =  4g  sin  ut  (or  4^  cos  ut) 

oscillatory  amplitude:  40  representing  Oq,  4  ..  or  80  (Data  Set  7) 

mean  incidence  during  an  oscillation:  a 

m 

mean  flap  angle  during  an  oscillation:  &m 
oscillation  frequency:  f  (Hz),  or  2*f  =  w  (rad  s-1) 
reduced  frequency:  k  =  uc/2v,  or  ocr/2V 

Unsteady  pressures 

For  an  arbitrary  model  motion  4  *  ♦ (t)  ,  the  time-wise  variation  of  instantaneous 
pressure  is  defined  as 


CpCtJ  -  (p(t)  -  p.j^q 


Oscillatory  nressures 


For  the  oscillatory  motion  4  «  40  sin  ut  ,  a  general  equation  for  oscillatory 
pressure  is 


or  the  alternative, 


pm  +  p'  sin  ut  ♦  p“  00s  ut  +  pj  sin  2ut  +  pj  cos  2ut  ♦  eto 

# 

PB  4  |p0  sin(ut  +  *0)  +  pj  sin(2«t  +  tl)  ♦  etcj  . 


The  sign  outside  the  brackets  in  the  last  squation  is  a  matter  of  choice.  However,  it  in 
most  convenient  to  choose  the  negative  sign  for  the  upper  surface  of  the  model  and  the 
positive  for  the  lower,  then  usually  the  phase  angles  cQ  in  degrees  for  both  surfaces 

will  tend  to  zero,  and  not  100  deg,  as  the  frequency  tend*  to  zero.  Also  this  choice  of 
eigne  is  consistent  with  the  usual  method  of  plotting  ehordvisc  distributions  of  oscilla¬ 
tory  pressure. 

Mean  pressure  during  oscillation:  ■*  {p#  -  p„)/q 


Fundamental  (1st  harmonic)  amplitude-normalised  c 


rn-ri 


in-phase  (or  real  component) 1  C^/40  -  p'/q40 
in-quadrature  (or  imaginary  component) :  C“/40  ■  p*/q40 

Where  an  oscillatory  quantity  can  be  expressed  ae  a  complex  amplitude  a  bar  is  used  thus: 


complex  amplitude: 


modulus: 


phase  angle: 


V*o 

^p*/*o 


+  itCp/4jj)  *  *  (tCp|/40)« 
[t^/40)2  ♦  «$/♦„>  *]' 
tan"1 <Cp/Cp)  • 


Following  the  recommendation  of  Ref  0.1  the  motion  normalised  quantities  defined  above  are 
represented  by  a  combined  symbol  including  the  normalising  amplitude  40  ,  which  in  par¬ 
ticular  cases  will  be  replaced  by  a^,  *0  or  aQ  .  St  should  be  noted  that  in  some 

existing  notations  the  normalising  amplitude  ie  omitted  from  the  symbolic  representation. 
Thus  an  existing  notation  may  use  and  C*  respectively  for  the  quantities  C^/40 

and  C*/40  par  radian  as  now  proposed. 


The  (n+l)th  harmonic 


in-phase  component:  Cpn/*o  ° 

in-quadrature  component:  C"  =  p’/q^Q 

^  ic 

complex  amplitude:  Cpn/*Q  =  (C^n/*Q)  +  KC^/^q)  =  ±(iCpnl/*0)®  n  with  modulus 
|C  |/*0  and  phase  angle  . 

Unsteady  forces  and  moments 


The  sectional  unsteady  forces  and  moments  are  obtained  from  the  pressures  by  integra¬ 
tion  of  the  separate  in-phase  and  in-quadrature  components.  The  amplitude  normalised 
coefficients  are  represented  symbolically  by  using  c^ ,  c^,  c^  etc  in  place  of  Cp  . 

Thus  represents  the  normalised  complex  amplitude  of  lift. 


Use  of  pt  rather  than  q  aB  a  non-dimensionalising  factor 

In  the  preceding  notation,  apart  from  pressure  ratio  p/pfc  in  the  expression  for 

local  Mach  number  ,  all  the  aerodynamic  pressure  and  force  quantities  have  been 

divided  by  q  to  make  them  non-dimensional.  An  alternative  which,  as  will  be  discussed 
in  section  8,  has  advantages  in  certain  circumstances  is  to  use  pt  in  place  of  q  . 

Thus  the  complex  pressure  amplitude  p/pt*c  is  an  alternative  to  Cp/4Q  .  Of  course  the 

two  forms  are  related  through  the  stream  Mach  number  by  the  relation: 

Pt/q  •  [i  +  H(y-DM2J  Aym2  • 


Unit/; 

Incidence,  control  angle,  amplitude  of  angular  motion  and  phase  angle  are  conven¬ 
tionally  specified  in  degrees.  Oscillatory  pressure  or  force  when  normalised  by  an 
angular  motion  are  usually  specified  'per  radian1.  The  amplitude  of  a  linear  motion  is 
preferably  made  non-dimensional  by  dividing  by  a  model  dimension. 


Quasi-steady  and  steady  perturbation  pressures 

Several  kinds  of  steady,  or  quasi-steady,  quantities  are  used  as  equivalent 
quantities  to  provide  comparisons  with  ths  unsteady  onest  the  application  in  the  linear 
case  of  the  steady  quantity  dOp/d4  hat  already  been  mentioned.  The  following  discus¬ 
sion  is  Intended  fee  clarify  the  distinctions  botwean  ths  various  forms  these  quantities 
can  take. 

The  term  'quasi-steady*  is  usually  applied  to  all  such  quantities  but  for  the 
identification  of  experimental  data  it  uld  seem  preferable  for  this  term  to  be  applied 
only  to  those  quantities  that  are  measured  in  the  same  way  as  unsteady  quantities  but 
for  slow  rates  of  change.  Such  a  quasi-steady  oscillation,  denoted  by  k  ♦  0  would 
yield  for  each  in-phase  component  a  quasi-steady  value,  for  instance  «y*oV  * 

Data  Sets  6  and  1  both  include  measurements  for  comparatively  low-frequency  oscillations 
which  are  regarded  as  quasi-steady. 

The  term  'staady  perturbation  pressure1  is  a  better  description  of  those  quantities 
obtained  by  steady  pressure  measurements  made  for  two  or  more  stationary  conditions  of  the 
model  close  to  the  mean  condition.  The  simplest  of  these  is  an  approximation  to  the 
derivative  dCp/d4  obtained  from  Matured  steady  pressures  C  and  Cpt  corresponding 

respectively  to  the  two  conditions  and  .  The  quantity  taken  to  be  comparable 

with  the  unsteady  in-phase  component  C y*Q  la  then  4Cp/«4  *  tCp4>  -  CpJ/24t  with  the 
deflection  4^  chosen  to  be  the  same  aa,  or  related  to,  the  amplitude  of  oscillation 
♦0  »  Data  Sets  1  and  4  contain  data  obtained  in  this  manner. 

More  detailed  information  could  ba  obtained  if  Masutsments  are  made  for  several 
increments  of  4^  so  that  the  form  of  atsady  cpU)  ever  the  oscillation  amplitude  is 

revealed.  Than  an  average  slope  dCp/d4  could  be  obtained,  say,  by  ’least  squares'. 

To  make  allowance  for  non-linearities  it  is  in  principle  possible  to  extend  the 
Mssurements  further  so  that  they  become  equivalent  to  the  steady  quasi-oscillation 
4  *  4q  sin  4  ,  with  0  <  4  <  «/2  .  provided  the  chosen  values  of  Y  are  sufficiently 

numerous,  the  measured  etesdy  pressures  can  be  regarded  as  sampled  data  fro*  which  the 
fundamental  and  higher  harmonic  values  can  be  calculated.  Sn  particular  such  measurements 
would  yield  a  steady  quantity  (C^/4g) a  which  is  directly  comparable  with  its  unsteady 

counterpart  C'/4Q  .  Although  none  of  the  present  Data  Sets  contains  quasi -oscillatory 


quantities  of  this  nature,  it  may  be  possible  to  derive  such  quantities  from  data  available 
from  the  original  sources. 

In  short,  under  the  customary  generic  title  'quasi-steady ' ,  three  of  the  possible 
kinds  of  quantity  comparable  with  the  unsteady  Cp/tg  are: 

(1)  Low-frequency  equivalent  (Cp/40)  qs  measured  for  k  -*•  0  ; 

(2)  Steady  derivative  4Cp/<54  ,  or  dCp/d$  ; 

(3)  Steady  quasi -oscillatory  quantity  (Cp/4Q)g  • 

In  many  cases  a  low-frequency  change  will  become  equivalent  to  a  series  of  steady 
conditions  as  the  rate  of  change  is  reduced.  But  there  are  special  circumstances  where 
this  is  not  so  -  where  even  the  slowest  rate  of  change  includes  an  unsteady  event.  Such 
a  situation  occurs  when  the  motion,  however  slow,  leads  to  the  onset  of  flow  separation 
where  the  actual  process  of  shedding  vorticity  occupies  a  period  of  time  largely  independ¬ 
ent  of  the  rate  of  change.  That  is  the  condition  k  -*•  0  is  not  always  the  same  as  the 
condition  k  =  0  . 

In  addition  to  the  fundamental  differences  in  the  form  of  these  three  quantities  it 
may  be  necessary  to  take  into  account  the  differences  between  the  me  hod  used  to  measure 
(1)  and  that  used  to  measure  the  steady  pressures  from  which  (2)  and  (3)  are  derived. 
Sometimes  different  instrumentation  is  employed  to  obtain  unsteady  and  steady  measurements, 
in  which  case  also,  the  unsteady  and  steady  measuring  positions  may  not  be  the  same.  Thus, 
whilst  (Cp/^jj) and  the  unsteady  Cp/4Q  are  obtained  with  the  same  instrumentation,  a 

comparison  between  C^/SQ  and  a  steady  perturbation  quantity  may  involve  different 
measuring  systems  and  different  accuracies. 

5  EXPERIMENTAL  PROCEDURES  AND  INTERPRETATION  OP  RESULTS 

The  intention  here  is  to  give  s  brief  account  of  some  of  the  procedures  commonly 
adopted  in  the  experimental  measurements  and,  by  so  doing,  to  draw  attention  to  the 
possible  limitations  of  the  data.  It  is  also  hoped  that  this  account  will  lead  to  an 
appreciation  of  the  significance  of  the  details  of  the  test  equipment  and  test  conditions 
that  are  given  in  a  standard  form  in  each  Data  Set.  A  more  extensive  account  of  experi¬ 
mental  techniques  used  in  unsteady  aerodynamics  is  contained  in  Ref  0.4. 

Each  series  of  tests  involves  a  model,  equipment  to  provide  the  required  unsteady 
motion,  instrumentation  to  measure  the  model  motion  and  prassure  distributions,  and  a  wind 
tunnel  to  provide  the  appropriate  test  conditions. 

The  characteristics  of  the  tunnel  and  the  interference  effects  produced  are  of 
especial  importance  and  form  the  subject  of  section  6. 

5.1  Model  motion 

In  each  of  the  present  experiments  the  model  was  designed  to  perform  rigid-body 
motion.  Ail  the  2-D  aerofoil  models  (Data  Sets  1  to  5)  were  stiff  enough  to  be  regarded 
as  rigid,  but  for  the  half-models  of  Data  Sets  6  and  “«  flexibility  led  to  the  basic 
applied  motion  being  augmented  by  a  small  amount  of  elastic  distortion  dependent  on 
oscillation  frequency  and  aerodynamic  loading. 

The  model  motion,  even  when  elastic  deformation  occurs,  is  usually  defined  by  the 
output  of  a  displacement  transducer  arranged  to  measure  the  motion  reference  coordinate 
4  ,  and  to  provide  a  time-varying  electrical  signal  which  is  used  as  a  phase  reference 
for  harmonic  analysis.  When  the  model  cannot  be  regarded  as  rigid,  some  assessment  of. 
the  actual  motion  which  includes  the  unsteady  deformation  may  be  obtained  from  a  distri¬ 
bution  of  accelerometers  Installed  inside  the  model.  By  this  means  the  true  motion  can 
be  related  to  the  measurements  of  ♦  . 

5.2  Measurement  of  pressure 

There  are  various  schemes  for  measuring  surface  pressures.  All  of  them  depend  on  one 
or  acre  pressure  transducers  to  provide  electrical  outputs  which  are  the  actual  quantities 
that  are  processed  and  eventually  measured.  Sometimes,  as  in  Data  Sets  2,  5,  6  and  7,  two 
different  systems  are  used  in  the  same  experiment:  one  to  measure  pressures  in  the  steady 
etate,  the  other  for  measurements  in  unsteady  conditions.  Then  the  steady  and  unsteady 
distributions  may  not  be  measured  for  the  same  positions,  as  in  Data  Se.  7.  One  type  of 
unsteady  measuring  system  uses  small  transducers  installed  within  the  model  and  connected 
to  orifices  at  the  model  surface.  But  in  another  system,  as  used  for  Data  Sets  1  and  «, 
unsteady  pressures  are  piped  to  a  location  outside  the  tunnel  end  switched  in  sequence  to 
s  single  trensducer.  with  any  system  the  measurement  that  is  sought  is  the  surface 
pressure  which  would  be  acting  at  the  position  of  the  orifice:  what  is  actually  measured 
is  the  pressure  acting  at  the  diaphragm  of  the  transducer.  Therefore,  unless  the  trans¬ 
ducer  is  actually  part  of  the  surface  there  is  always  a  question  about  the  transfer 
function  between  the  pressure  acting  at  the  orifice  and  that  at  the  transducer.  In 
systems  whsre  the  unsteady  pressures  are  piped  to  a  distant  measuring  device,  the  deter¬ 
mination  of  these  transfer  functions  in  a  vital  part  of  the  calibration,  when  the 
transducer  is  situated  very  close  to  the  orifice  and  the  enclosed  volume  of  air  is  small, 
the  affects  of  transmission  are  usually  neglected.  However,  a  feature,  which  is  common 


to  all  systems  and  very  difficult  to  simulate  in  bench  calibrations,  is  the  effect  of  the 
flow  across  the  orifice. 

Whether  or  not  the  transfer  function  between  orifice  and  transducer  diaphragm  is 
significant,  the  calibration  factor  relating  the  unsteady  electrical  output  to  unsteady 
pressure  is  of  paramount  importance.  Whereas  good  standards  of  steady  pressure  are 
commonplace,  there  is  no  readily  available  definitive  standard  for  oscillatory  pressure. 
Although  the  experimenters  will  have  taken  great  care  over  this  matter,  it  is  easily 
appreciated  that  a  systematic  error  in  the  calibration  could  lead  to  undisclosed  errors 
in  all  the  measurements  of  a  series. 

5.2  Signal  processing 

In  oscillatory  tests,  the  electrical  signals  from  the  pressure  transducers  are 
usually  processed  in  some  manner  to  yield  harmonic  components  phase-referenced  to  the 
signal  representing  the  motion  coordinate  41  .  However  this  is  not  so . for  Data  Set  3  in 
which  the  pressure  and  motion  signals  are  sampled  to  provide  instantaneous  values  at  a 
series  of  known  time-intervals. 

It  is  unnecessary  to  describe  in  detail  the  methods  of  processing  the  electrical 
signals,  but  it  is  important  to  be  aware  of  the  nature  of  the  signals  and  to  understand 
the  kind  of  quantities  that  result  from  the  processing.  Almost  inevitably  the  signal 
from  a  transducer  sensing  an  aerodynamic  pressure  includes,  in  addition  to  the  wanted 
signal,  random-like  fluctuations  from  various  sources.  Transonic  tunnels  with  their 
slotted  or  perforated  walls  are  prone  to  produce  stream  flows  with  some  degree  of  inherent 
unsteadiness.  Model  flows  which  are  supercritical,  or  separated,  may  themselves  provide 
another  source  of  unsteady  disturbance.  Thus  even  when  the  model  is  stationary  the 
pressure  signals  may  include  fluctuations.  When  the  model  is  undergoing  a  prescribed 
unsteady  motion  the  complete  pressure  signal  will  represent  a  combination  of  random 
fluctuations  and  the  response  to  the  motion. 

Depending  on  the  type  of  signal  processing  employed,  the  result  could  be 

-  an  instantaneous  value? 

-  a  time-average? 

-  a  cycle-average  of  instantaneous  samples  taken  at  corresponding  times  in  a 
number  of  cycles? 

-  a  series  of  harmonic  components  obtained  by  Fourier  analysis  over  either  a 
whole  number  of  cycles  or  a  certain  period  of  time. 

steady  pressures  are  usually  measured  as  averages  over  short  periods  of  time.  In 
general,  time  or  cycle  averaging  is  beneficial  in  reducing,  if  not  always  eliminating, 
the  effect  of  random  fluctuations.  In  some  circumstances,  where  the  unsteady  process 
under  investigation  itself  includes  some  form  of  randomness,  averaging  can  obscure 
features  of  the  individual  cycles.  Because  the  experiments  from  which  Data  Set  3  was 
extracted  included  an  element  of  randomness  in  each  cyclic  onset  of  flow  separation, 
both  quasi-steady  and  unsteady  pressures  were  measured  as  instantaneous  valuos. 

5.3  Occurrence  and  effects  of  extraneous  fluctuations 

When  extraneous  pressure  fluctuations,  independent  of  the  applied  model  motion, 
are  produced  by  an  instability  of  the  flow  over  the  model  they  are  a  proper  feature  of 
the  flow  phenomenon  and  as  such  should  appear  in  the  results  and  require  theoretical 

modelling.  It  is  for  this  reason  that  items  5.11  or  5.12  of  the  test  specification  havo 

been  requested  in  each  Data  Set. 

When  the  fluctuations  are  the  result  of  turbulence  or  other  unsteadiness  in  the 
tunnel  flow  it  is  desirable  for  their  effects  to  be  reduced  by  averaging.  Whether  they 
.can.be  completely  eliminated  by  averaging  depends  on  whether  they  are  linearly  superposed 

on  the  pressure  response  to  the  prescribed  motion  or  whether  there  is  some  form  of  non¬ 

linear  interaction.  In  highly  non-linear  situations  in  the  close  vicinity  of  a  shockwave, 
extraneous  fluctuations  can  lead  to  erroneous  data.  Examples  of  such  interference  are 
mentioned  in  Refs  0.4  and  0.5. 

5.4  Non-linearities 

For  small  excursions  away  from  th 1  mean  condition  the  pressure  over  much  of  the  model 
surface  will  vary  linearly  with  steady  displacement  4  •  Exceptions  to  this  become  evident 
when  measurements  are  made  near  to  a  leading  edge  or  a  control-surface  hinge-line,  or 
closs  to  a  shookwave.  Non-linearities  in  the  steady  pressure  variation  are  accompanied 
by  the  presence  of  higher  harmonic  components  under  oscillatory  conditions;  the  manner  in 
which  these  are  produaed  in  the  dose  neighbourhood  of  a  shookwave  has  been  described  in 
Refs  0.6  and  0.7. 

Measurements  of  harmonic  components  are  often  limited  to  the  fundamental  on  the 
grounds  that  this  is  the  only  component  of  importance  in  practical  problems  of  aero- 
elasticity.  only  Data  Set  4  includes  any  numerical  data  for  higher  harmonics  although 
Fig  6.6  of  Data  Set  6  gives  graphical  information  on  the  spootral  content  of  the  pressures 
for  transonic  flow.  Also  Data  Sets  2  and  5  include  instantaneous  pressures  over  a  cycle 
of  oscillation,  which  show  non-linear  features. 


If  in  some  circumstances  the  presence  of  higher  harmonics  in  thi  oscillatory 
pressures  is  found  to  be  independent  of  chordwise  position,  it  is  advisable  before 
attributing  these  to  non-linear  aerodynamics  to  verify  that  the  model  motion  is  truly 
simple  harmonic.  This  comment  i?  relevant  to  any  Fourier  analysis  that  might  be  made  on 
the  instantaneous  data  presented  in  Data  Set  3  which  gives  information  on  the  harmonic 
distortion  in  the  model  motion. 

When  non-linearity  is  present,  the  values  of  the  amplitude-normalised  quantities 
C^/$0  and  Cp/$g  and  the  steady  quantity  4Cp/«$  are  liable  to  be  dependent  on  the 

displacement  amplitude.  This  point  needs  to  be  borne  in  mind  before  placing  too  much 
emphasis  on  the  peak  values  of  these  quantities  obtained  at  the  position  of  a  shockwave. 
Interesting  examples  of  amplitude  dependence  are  shown  in  Fig  2.3  of  Data  Set  2  and 
Fig  5.7  of  Data  Set  5. 

Irregularities  in  the  chordwise  distribution  of  the  oscillatory  pressure  components 
are  sometimes  found  near  to  the  leading  edge.  These  may  be  due  to  non-linearities 
associated  with  a  local  separation  or  with  the  disturbance  produced  by  a  transition-trip. 
Such  irregularities  usually  appear  only  for  small  amplitudes,  and  disappear  when  the 
amplitude  is  increased. 

To  summarize,  indications  of  non-linearity  includes 

-  non-linearity  in  C  ($)  i 

r 

-  amplitude  effects  on  the  fundamental  components  Cp/$Q  and  Cp/$Q  t 

-  non-sinusoidal  time  histories} 

-  higher  harmonic  components  from  Fourier  analysis} 

-  irregularities  in  chordwise  distributions  of  the  oscillatory  components. 

5.5  Reduced  frequency 

The  exact  values  of  the  test  frequencies  are  often  chosen  for  practical  reasons  such 
as  the  need  to  avoid  unwanted  resonances  of  the  model  or  its  supports.  Almost  invariably, 
tests  are  made  for  sets  of  fixed  frequencies  of  oscillation  so  that  for  each  constant 
frequency  the  reduced  frequency  k  ,  varies  with  Mach  number  M  and  stream  total 
temperature  TQ  .  For  a  fixed  M,  k  varies  inversely  with  /tq(K)  .  Total  temperature 

in  a  tunnel  is  not  always  closely  controlled  so  that  the  value  of  k  can  vary  during  a 
tunnel  run,  but  even  In  an  extreme  case  where  temperature  changes  from  25°C  to  35°C  the 
value  of  k  would  change  by  only  2t.  such  a  change  is  hardly  likely  to  have  a  serious 
effect  on  the  unsteady  aerodynamics. 

No  uniform  procedure  has  been  adopted  in  specifying  the  test  values  of  k  .  When 
either  an  average  or  a  nominal  value  is  quoted  for  eaoh  combination  of  M  and  f  ,  it 
will  be  appreciated  that  the  true  value  may  differ  by  a  few  percent. 

Tests  made  with  substantially  different  values  of  frequency  are  included  in  most 
series  of  measurements.  For  rigid  models  the  interpretation  of  the  results  is  straight¬ 
forward,  but  if  model  flexibility  is  significant,  care  has  to  be  token  to  eliminate  any 
effects  of  changes  In  the  oscillation  mode  with  frequency. 

5.6  Mach  number  and  model  incidence 

These  are  the  main  parameters  that  define  the  basic  flow  from  which  the  unsteady 
ohanges  are  made,  in  some  cases  the  actual  incidences  and  tunnel  Mach  numbers  may  be 
found  to  be  slightly  different  from  the  specified  nominal  values. 

For  models  with  symmetrical  sections,  the  datum  incidence  a  >  0  ie  usually  set  to 
align  with  the  known  flow  direction  of  the  tunnel.  For  models  having  sections  that  are 
not  symmetrical  the  method  of  setting  incidence  is  given  in  item  5.7  or  5.9  of  the 
specification  in  each  Data  Set. 

Where  measurements  of  tunnel  Mach  number  and  model  incidence  are  subject  to  standard 
corrections  for  wall  interference,  the  details  are  given  in  item  9.6  of  each  specification. 

5.7  Tunnel  pressure  end  Reynolds  number  variations 

The  Reynolds  number  for  a  test  depends  on  the  pressure  and  temperature  of  the  flow 
in  the  tunnel.  Usually  flow  temperature  is  not  closely  controlled  so  that  there  may  be 
small  variations  in  Reynolds  number  throughout  a  aeries  of  tests.  For  those  test  series 
where  tunnel  total  pressure  remains  constant,  the  Reynolds  number  is  different  for  each 
Mach  number.  In  tunnels  where  total  pressure  can  be  changed, variation  of  this  quantity 
provides  a  means  of  obtaining  data  over  a  range  of  Reynolds  number  for  each  Mach  cumber. 

But  as  well  as  changing  Reynolds  number,  alteration  of  total  pressure  can  produce 
~lde-ef facts  which,  unless  recognised  and  taken  into  account,  may  lead  to  apparent  trends 
with  Reynolds  number  that  are  in  fact  spurious. 
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For  instance,  an  increase  in  total  pressure  means  an  increase  in  all  the  unsteady 
pressures,  with  a  consequent  improvement  in  the  measurement  accuracy.  This  in  turn  may 
mean  a  reduction  in  random  errors  and  result  in  smoother  pressure  distributions.  Also  a 
change  in  total  pressure  alters  the  mean  pressure  level  at  which  the  transducers  are 
operating  and,  in  the  presence  of  non-linearity,  this  can  lead  to  a  change  of  transducer 
sensitivity  factor.  If  not  accounted  for  in  the  calibration  this  could  appear  as  a 
spurious  Reynolds  number  effect. 

An  increase  in  the  aerodynamic  loading  on  the  model  is  also  produced  by  increasing 
the  total  pressure,  and  if  the  flexibility  of  the  model  is  significant,  this  can  lead  to 
distortion  of  the  model  and  to  modifications  to  the  mode  of  oscillatory  motion.  Data  Sets 
2  and  5  include  data  for  a  range  of  Reynolds  numbers,  but  for  these  there  is  no  possibility 
of  unwanted  aeroelastic  effects  because  of  the  rigidity  of  the  2-D  models. 

5.8  Transition  fixing  and  Reynolds  number 

Most  of  the  tests  were  made  for  Reynolds  numbers  less  than  full-scale.  To  avoid 
unwanted  effects  associated  with  laminar  boundary  layers,  trips  to  fix  the  transition  posi¬ 
tion  were  fitted  to  some  of  the  models.  No  trips  were  fitted  for  the  measurements  of 
Data  Set  D  because  the  Reynolds  numbers  of  the  tests  matched  those  of  the  full-scale  heli¬ 
copter  blades  to  which  the  experiments  were  directed.  Data  Sets  1,  6  and  7  present 
ij  numerical  data  for  only  models  with  transition  trips,  whilst  for  the  experiments  of  Data 

Sets  2  and  5  no  trips  were  attached.  Data  Set  4  gives  information  about  the  effects  of 
fixing  transition;  in  this  Set  transition  was  fixed  for  some  cases  and  for  others  it  was 
free.  Data  Set  6  contains  a  brief  discussion  of  transition  fixing  in  terms  of  increasing 
the  thickness  of  the  boundary  layer,  and  provides  graphical  information  about  the  effect 
this  has  on  the  unsteady  loading  produced  by  an  oscillating  control  surface. 

Data  Sets  4  and  5  which  give  measurements  for  models  having  the  same  aerofoil  shape, 
offer  comparisons,  as  already  shown  in  Table  0.2,  between  (a)  tests  with  transition  fixed 
at  comparatively  low  Reynolds  number,  and  (b)  tests  with  free  transition  for  a  range  of 
Reynolds  number.  Some  of  these  comparisons  will  be  discussed  in  section  7. 

The  desirability  of  fixing  transition  and  the  best  position  in  the  chord  for 
attaching  the  trips  are  debatable  matters.  On  the  one  hand  if  transition  remains  free, 
a  laminar  boundary  layer  may  lead  to  types  of  flow  separation  and  shockwave  boundary- 
layer  interactions  that  are  unrepresentative  of  full-scale.  Also  it  is  possible  that, 
when  natural  transition  is  delayed  to  a  rearward  position  of  the  chord,  the  cyclic 
excursions  of  the  transition  point  due  to  a  model  oscillation  may  engender  non-typical 
oscillatory  pressures  of  no  practical  interest.  On  the  other  hand  when  transition  trips 
are  used,  the  turbulent  boundary  so  produced  is  usually  too  thick  over  the  rearward  part 
of  the  chord,  thus  over-emphasizing  viscous  effects  which  can  be  especially  serious  for  a 
trailing-edgo  control,  see  Pig  6.4. 

With  regard  to  tents  with  over-thick  boundary  layers,  Blnion,  Ref  0,0,  points  out 
that  with  modern  designs  of  wings,  even  at  high  Reynolds  number,  viscous  effects  arc 
likely  to  be  so  large  that  worthwhile  calculation  methods  must  be  able  to  take  these 
effects  into  account.  The  conclusion  then  is,  albeit  for  steady  conditions,  that  provided 
the  class  of  flow  is  representative,  tests  with  thick  boundary  layers  do  provide  a  useful 
challenge  to  theoretical  computations.  The  objective  of  fixing  transition  therefore 
depends  to  some  extent  on  whether  the  experiments  are  aimed  at  providing  data  appropriate 
to  full-scale  Reynolds  numbers,  or  providing  data  to  validate  viscous  calculations. 

5.9  Accuracy  of  measurement a 

The  accuracy  with  whioh  the  relevant  quantities  are  measured  Is  clearly  an  Important 
matter  although,  as  will  be  discussed  in  subsequent  sections,  the  quality  and  reliability 
of  experimental  data  involve  wider  considerations  concerning  the  test  environments. 

It  may  be  taken  for  granted  that  steady  pressure,  Mach  number,  incidence,  steady 
deflections  and  oscillation  frequency  are  measured  with  adequate  accuracy.  It  is  the 
accuracies  of  unsteady  pressure  quantities  such  as  C^/*Q  and  that  give  cause 

for  concern.  Each  of  these  quantities  is  derived  from  separate  measurements  of  small 
changes  in  pressure  and  small  displacements  of  the  model.  The  measurements  are  made  with 
instrumentation  operating  under  dynamic,  not  steady  conditions,  and  their  accuracy  depends 
crucially  cm  the  calibration  procedure.  It  is  easily  seen  that  a  systematic  erro*  in  the 
measurement  of  a  pressure  harmonic  component,  or  of  a  motion  amplitude,  could  affect  the 
whale  set  of  measurements. 

Whereas  the  resolution  of  the  instrumentation  or  the  day-to-day  repeatability,  both 
of  ’htch  set  limits  to  the  accuracy,  are  fairly  easy  to  determine,  the  overall  accuracy  of 
a  measurement  is  extremely  difficult  to  quantify.  Usually  the  mast  that  can  be  expected 
Is  a  statement  to  the  effect  that  the  measurement  cf  quantity  A  la  no  better  than 
x  percent.  Such  statements  are  usually  nade  on  personal,  and  to  setae  extent  intuitive, 
assessments  based  on  the  experience  cf  the  experimenter.  To  demand  more  would  be 
unreasonable,  for  a  thorough  analysis  of  possible  errors  could  easily  entail  as  much  work 
as  the  measurements  theaeelvea. 


6  TUNNEL  INTERFERENCE 

All  measurements  obtained  from  wind  tunnels  are  liable  to  suffer  from  the  effects  of 
funnel  interference.  That  is,  the  data  obtained  may  differ  from  those  which  would  be 
obtained  with  the  same  model  moving  in  a  free  and  uniform  atmosphere.  With  that  as  a  broad 
definition,  the  various  sources  of  interference  ares 

(1)  Wall  constaint  on  the  flow. 

(2)  Shockwave  reflections  from  the  walls. 

(3)  Side-wall  boundary  layers  in  2-D  tests. 

(4)  Reflection-plane  boundary  layer  in  half-model  tests. 

(5)  Support  interference  in  complete  model  tests. 

(6)  Flow  fluctuations  inherent  in  the  tunnel  flow. 

(7)  Curtailment  of  wake  vorticity  by  tunnel  corner,  shockwave  or  fan. 

(8)  Reflection  of  acoustic  disturbances  at  the  walls. 

(9)  Occurrence  of  tunnel  resonance. 

(10)  Acoustic  disturbances  propagated  through  a  plenum  chamber. 

Items  (1)  to  16)  affect  both  steady  and  unsteady  measurements,  whereas  items  (7)  to 
(10)  are  peculiar  to  unsteady  conditions.  General  accounts  of  the  effects  of  interference 
on  unsteady  measurements  are  given  in  Refs  0.4  and  0.5.  Of  all  the  possible  causes  of 
interference,  the  only  ones  lixely  to  be  important  to  the  present  data  are  the  constraint 
and  reflection  propirties  of  the  walls  (items  (1),  (2)  and  (8))  and,  if  flow  separation 
occurs  at  the  model,  the  effects  of  “-he  side-wall  and  reflection-plane  boundary  layers 
(items  (3)  and  (4)).  Tunnel  resonance  is  know  \.o  be  possible  in  2-D  tests  (Ref  0.9)  but 
no  occurrences  are  reported  in  any  of  the  Data  Sets. 

Because  of  its  more  complicated  nature,  interference  on  unsteady  measurements  is 
poorly  understood  in  comparison  with  inter firence  on  steady  measurements.  Since  some  part 
of  the  total  effeat  on  an  unsteady  measurement  can  be  attributed  to  steady  interference  - 
indeed  for  supercritical  conditions  the  steady  effeot  may  be  the  major  contribution  -  it 
is  important  to  clarify  the  distinction  and  see  how  much  of  the  total  effect  can  be 
accounted  for  by  steady  considerations. 

Consider  for  the  moment  a  specific  event  in  which  a  model  initially  at  a  steady 
incidence  c-s  is  rapidly  moved  to  a  new  steady  irldence  aQ  ,  After  sufficient  time 

has  elapsed  we  can  assume  that  the  flow  has  reached  a  new  steady  state  appropriate  to  the 
new  steady  incidence  If  the  event  occurs  in  a  wind  tunnel,  the  initial  flow  for 

and  the  final  flow  for  ag  arc  both  subject  to  steady  interference.  The  manner  in  which 

the  flow  changes  with  time,  and  indeed  the  time  taken  for  the  flew  to  Approach  its  final 
steady  state  are  subject  to  unsteady  interference.  The  totality  of  the  interference  on  the 
unsteady  event  is  a  combination  of  these  steady  and  unsteady  contributions. 

For  the  more  usual  type  of  unsteady  test  where  the  model  is  given  an  oscillation  of 
small  amplitude  about  a  mean  incidence  &r\  conditions  are  linear,  the  aero¬ 
dynamic  pressure  characteristics  ace  fully  described  by 

(1)  cp  for  steady  om  . 

(2)  (|c„l/+o)qs  '  tlw  *ox  a  quasi-steady  oscillation  identical  with 

dCp/d#  . 

(3)  Variation*  with  frequency  of  amnlieud*  |cp| and  phase  angle  eQ  . 

Quantities  (l)  and  (2)  are  affected  by  only  eteady  interference  and  provided  these  effects 
can  be  accounted  for,  the  only  unsteady  effects  are  those  concerning  the  phase  angle  and 
variations  with  frequency,  (3). 

A  crucial  question  is  whether  the  aerodynamic  measurements  can  be  corrected  for  the 
interference  effect*-,.  For  supercritical  flows  simple  forms  of  correction  are  generally 
impossible,  but  it  is  still  helpful  to  approach  the  question  from  the  standpoint  of  purely 
subsonic  flow.  Classical  theory  for  steady  subsonic  flow  regards  wall  constraint  as  con¬ 
sisting,  in  effect,  of  incremental  changes  in 

-  stream  velocity  due  to  blockage) 

-  model  incidence  dua  to  induced  upwashi 

-  lift  and  pitching  moment  due  to  streamline  curvature. 

On  this  simple  basis,  which  neglects  buoyancy  effects  due  to  the  atreamwia*  gradient  of 
blockage,  the  condition  of  a  modal  la  a  tunnel  can  be  regarded  aa  equivalent  to  the 
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condition  in  free  air  of  another  model  with  a  different  camber  set  at  a  different  incidence 
in  a  stream  of  modified  velocity.  For  subsonic  conditions  values  of  the  incremental 
changes  can  be  obtained  by  theoretical  calculations  if  the  boundary  conditions  at  the  walls 
can  be  mathematically  defined  or  if  the  wall  pressures  are  known,  or  possibly  by  empirical 
means  if  the  wall  conditions  are  unknown. 

The  concept  of  an  equivalent  free -air  system  suggests,  if  the  effects  of  streamline 
curvature  are  simplified,  that  the  steady  part  of  the  wall  constraint  affecting  oscillatory 
measurements  might  be  equivalent  to  changes  in  stream  Mach  number  and  mean  incidence.  This 
leads  to  a  possible  basis  for  making  comparisons  between  theory  and  experiment  which  will 
be  discussed  later  in  section  8. 

For  the  oscillatory  type  of  test  mentioned  previously  a  possible  correction  procedure 
would  consist  of  applying  corrections  tos 

(1)  M  and  om  -  to  account  for  steady  interference  on  the  mean  condition; 

(2)  (l^pl/*o)qs  ~  to  account  for  steady  interference  on  the  quasi-steady 
perturbation; 

(3)  and  eQ  -  to  account  for  the  unsteady  interference. 

The  procedure  is  illustrated  schematically  in  Fig  0.2  which  shows  a  hypothetical  variation 
of  and  Cq  with  reduced  frequency  k  .  It  is  assumed  that  the  measured  steady 

C  obtained  for  the  steady  condition  (M,a„)  would  be  obtained  in  free  air  for  another 

steady  condition  (M,am) 1  .  The  curves  labelled  1  are  those  measured  in  the  tunnel  for 

(M,a  ) ;  those  labelled  2  would  be  obtained  in  free  air  for  the  mean  condition  (M,a  )'. 

•”  in 

Steady  interference  is  responsible  for  the  displacement  .  If  curve  1A  is  drawn 

parallel  to  curve  1',  or  more  strictly  to  give  A^  proportional  to  the  modulus  of  total 
lift,  then  the  additional  and  unsteady  interference  effects  are  represented  by  and 
Aa  .  Ability  to  apply  corrections  to  the  measurements  requires  knowledge  of  the  transla¬ 
tion  from  (M,am)  to  (M,am) '  and  the  values  of  Aj,  A2  and  A3  . 

For  subsonic  conditions,  corrections  to  M  and  am  and  corrections  of  the  type 
Aj  applicable  to  lift  and  moment  may  be  obtained  theoretically  or  empirically.  In 
principle,  corrections  of  types  A2  and  A3  could  be  obtained  from  the  extensions  of 

classical  interference  theory  to  unsteady  conditions,  as  described  in  Ref  0.10.  But,  as 
for  the  steady  corrections,  the  calculations  depend  on  an  adequate  definition  of  the  wall 
boundary  oonditions  which,  for  the  unsteady  case,  includes  time  dependence.* 

For  the  present  data,  any  purely  theoretical  forms  of  interference  corrections  are 
liable  to  be  unreliable  because  of  inadequate  definition  of  boundary  conditions  for  the 
ventilated  walls  of  the  tunnels  in  which  the  data  were  obtained. 

Broadly  speaking,  the  steady  constraint  effects  In  a  ventilated  tunnel  depend  on  the 
degree  of  ventilation;  in  principle  at  least,  careful  matching  of  the  wall  geometry  and 
wall  porosity  to  the  model  geometry  could  result  in  ntgliglble  Interference  (see  for 
instanae  Ref  0.11).  More  usually,  the  measured  slope  o.f  the  steady  Lift  curve  for  a 
particular  model  will  be  too  large  or  too  small  depending  on  whether  the  tunnel  walls  are 
'too  closed'  or  'too  open1.  Also  it  is  to  be  expected  that  the  larger  the  model  is 
relative  to  the  tunnel,  the  greater  is  the  influence  of  wall  constraint. 

Even  If  the  wall  boundary  conditions  can  be  adequately  defined,  theoretical  correc¬ 
tions  to  the  measurements  are  simply  not  possible  for  supercritical  flow  conditions.  A 
useful  discussion  of  steady'  interference  under  transonic  conditions  is  given  by  Binion, 

Ref  0.8.  He  points  out  that,  where  the  supercritical  region  is  no  longer  small  with 
respect  to  the  tunnel  dimensions,  the  effect  of  wall  constraint  can  no  longer  be  regarded 
in  the  classical  terras  of  blockage,  upwash  and  streamline  curvature;  instead  it  must  be 
regarded  as  a  complicated  distortion  of  the  flow  field  which  can  strongly  influence  the 
shockwave  and  separation  patterns.  In  which  case,  there  may  no  longer  be  an  equivalent 
free-air  condition  corresponding  to  the  model  in  the  tunnel. 

It  is  unfortunate  that  the  foregoing  discussion  has  done  little  except  describe  the 
difficulties  of  making  corrections  to  the  measured  unsteady  data. 

In  none  of  the  Data  Sets  are  any  corrections  made  for  unsteady  interference  but  in 
some  Sets,  steady-based  corrections  are  either  made,  or  the  method  lor  applying  them  is 
described,  in  data  Set  4,  although  the  presented  data  include  no  interference  corrections 
whatsoever,  formulae  are  given  for  making  corrections  to  the  incidence,  and  to  the  lift 
and  moment  for  steady  conditions.  In  Data  Sets  4  and  $,  as  already  explained  in  section 
2.1,  some  adjustments  have  been  made  between  the  experimental  valuta  of  M  and  a  and 

si 

those  chosen  for  the  CT  Cases;  to  some  extent  these  adjustments  are  Intended  to  account 
for  the  steady  interference  effects. 


*  Addendum;  the  author's  attention  has  been  drawn  to  recent  methods  of  including  the  effect 
of  the  walls  in  unsteady  calculations  for  aerofoils  and  controls  (sea  Refs  0.13,  0.14). 
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Data  Set  5  comprises  results  obtained  with  a  model  having  the  same  basic  shape  as 
the  model  of  Data  Set  4  -  two  examples  of  comparisons  between  the  sets  will  be  discussed 
in  section  7.  In  making  other  comparisons  between  the  two  Sets  it  should  be  noted  that, 
in  addition  to  the  differences  shown  in  Table  0.2,  the  ratios  of  tunnel  height  to  model 
chord  are  3.1  for  Data  Set  4  and  6.7  for  Data  Set  5.  However,  because  of  the  beneficial 
effect  of  wall  ventilation,  which  to  some  unknown  degree  applies  to  both  tunnels,  it 
cannot  without  further  analysis  be  concluded  that  the  interference  effects  on  Data  Set  4 
are  necessarily  larger  than  those  on  Data  Set  5. 


In  Data  Set  3  where  the  unsteady  data  are  presented  as  instantaneous  values  of  C 

P 

and  sectional  force  coefficients  for  instantaneous  values  of  incidence  a  ,  the  tabulated 
values  of  the  incidence  and  the  force  coefficients,  but  not  ,  have  been  corrected  for 

tunnel  constraint  as  if  each  instantaneous  value  were  obtained  for  a  steady  condition. 


Data  Set  7  is  unique  in  being  abstracted  from  an  investigation  into  tunnel  inter¬ 
ference.  In  the  light  of  the  evidence  obtained  from  several  tunnels  it  is  believed  that 
the  data  for  the  two  largest  tunnels  are  free  from  any  large  effects  due  to  tunnel  con¬ 
straint  interference. 


7  UNCERTAINTIES  OF  EXPERIMENTAL  DATA 


If  experimental  results  are  used  only  as  qualitative  information  questions  of 
accuracy  and  reliability  hardly  arise.  But  when  making  quantitative  comparisons  the  user 
of  experimental  data  will  certainly  want  to  know  the  confidence  that  can  be  placed  on 
the  measured  values.  Basically  the  question  is  how  well  do  the  measured  unsteady  aero¬ 
dynamic  quantities  relate  to  the  specified  configuration,  its  motion,  and  to  the  test  con¬ 
ditions  defined  by  parameters  such  as  M,  Re,  om  and  k  .  The  answer  is  seldom  straight¬ 
forward.  It  depends  not  only  on  the  accuracy  of  the  measurements  and  the  manufacturing 
accuracy  of  the  physical  model  but  also  on  the  appropriateness  of  the  wind-tunnel  test 
conditions  and  the  uncertainties  of  wind-tunnel  interference.  In  critical  situations  in 
the  presence  of  shockwaves  or  separations  the  answer  also  requires  knowledge  of  the  sensi¬ 
tivity  of  the  measured  data  to  small  changes  in  the  parameters. 

A  general  insight  into  the  uncertainties  of  measurements  and  an  idea  of  the  confi¬ 
dence  that  can  be  placed  in  experimental  data  can  be  obtained  from  a  comparison  of  results 
obtained  in  different  ways.  For  instance,  confidence  in  the  technique  of  unsteady 
pressure  measurement  was  obtained  when,  on  several  occasions  in  the  past,  different 
organisations  made  comparative  measurements  using  their  own  forms  of  instrumentation. 
Usually,  however,  such  comparisons  are  not  completely  independent  because  they  use  either 
the  same  model,  or  the  same  tunnel,  or  both. 

Examples  of  comparisons  obtained  with  the  same  model  in  two  different  tunnels,  thus 
providing  evidence  of  the  effects  of  tunnel  interference,  are  given  by  Figs  7.20  and  7.21 
of  Data  Set  7.  In  these  comparisons  the  model  was  small  in  relation  to  the  sizes  of  the 
tunnels/  unfortunately  the  confidence  gained  by  theso  comparisons  does  not  necessarily 
apply  to  every  other  situation.  In  the  samo  Data  Set,  Figs  7.16  to  7.19,  also  provide 
evidence  of  the  sensitivity  of  the  measured  oscillatory  pressures  to  small  ohangos  of 
M  and  am  for  some  examples  of  transonic  flow. 

The  two  investigations  from  which  Data  Sets  4  and  5  are  drawn  provide  a  rare 
opportunity  for  comparing  two  Independent  sets  of  measurements.  The  data  available  for 
comparison  relate  to  oscillatory  pitching  of  the  NLR  7301  supercritical  airfoil.  It  is 
important  to  note  that  the  two  seta  were  obtained  with  different  physical  models  in 
different  wind  tunnels  by  different  experimenters  using  different  instrumentation.  As 
such  the  two  experiments  wore  completely  independent. 

At  the  outset,  before  making  comparisons  of  the  measured  data,  there  are  three  points 
to  be  notedi  firstly,  there  are  differences  in  the  degree  to  which  each  physical  model 
represents  the  design  shape  of  the  NLR  7301  aerofoil/  secondly,  in  neither  case  has  there 
been  any  attempt  to  apply  tunnel  interference  corrections  to  the  measured  unsteady  data/ 
and  thirdly,  there  are  no  exact  correspondences  between  the  parametric  conditions  of  the 
two  tests. 

Fig  0,3  provides  comparisons  between  the  measured  and  the  design  ordinates  for  a 
portion  of  the  upper  surface  of  each  phyeical  model.  The  ordinates  for  the  NLR  physical 
model  are  taken  from  Tables  4.1  and  4.2  of  the  present  document/  those  for  the  Ames  model 
are  taken  from  Ref  S.4  which  mentions  that,  owing  to  an  expansion  of  the  manufacturing 
mould,  the  model  is  slightly  thicker  titan  it  should  be.  The  same  report  also  contains  a 
suggestion,  which  Is  supported  by  Fig  0.3,  that  the  surface  of  the  model  is  not  as  smooth 
as  the  design  shapo. 

Two  examples  of  data  comparisons  will  now  be  discussed.  Not  only  do  they  provide 
evidence  of  the  kind  of  uncertainties  surrounding  experimental  data,  but  they  provide  a 
foretaste  of  situations  requiring  judgements  to  be  made  when  comparing  calculated  and 
experimental  results.  In  each  example  the  unsteady  quantities  being  compared  are  the 
distributions  of  the  oscillatory  pressure  components,  C^/aQ  and  C^/aQ  ,  for  the  upper 

surface  only.  The  different  tests  are  identified  by  the  NLR  Run  No.  or  the  Ames  Dynamic 
Index. 
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The  first  example,  chosen  because  of  the  aerodynamic  simplicity  of  purely  subsonic 
flow  for  M  =  0.5,  relates  to  CT  Case  2.  The  three  tests  being  compared  are  identified: 


Test 

M 

am  (deg) 

k 

Transition 

NLR  1301 

0.498 

0.4 

1.7 

Fixed  at  0.3c 

Ames  185 

0.508 

0.5 

2.3 

Free 

Ames  170 

0.508 

0.5 

9.3 

Free 

The  steady  pressure  distributions  are  shown  in  Pig  0.4a.  Whilst  examining  these 
it  may  be  noted  that  there  is  adequate  agreement  between  the  test  Mach  numbers  and  that, 
because  the  flow  is  subsonic,  no  great  significance  need  be  attached  to  the  small  difference 
in  the  values  of  am  .  Also  it  is  reasonable  to  regard  the  difference  between  the  Reynolds 

number  of  the  NLR  test  and  that  of  the  Ames  185  test  as  not  being  too  large.  Although  in 
both  the  Ames  tests  transition  remained  free,  it  was  fixed  in  the  NLR  tests,  but  it  is 
important  to  note  that  the  roughness  band  was  as  far  downstream  as  x  =  0.3c.  Since  it 
appears  from  a  comparison  of  the  Ames  and  NLR  steady  pressures  that  fixing  transition 
causes  no  dramatic  changes  downstream  of  the  band,  it  seems  reasonable  to  conclude  that 
the  band  has  no  significant  upstream  effect.  Thus  the  results  from  the  Ames  185  test 
should  be  comparable  with  those  from  the  NLR  test  at  least  ahead  of  x  =>  0.3c.  In  fact, 
comparison  of  the  steady  pressures  shows  that  although  there  is  a  disagreement  between 
the  Ames  and  the  NLR  pressures  at  the  lower  surface,  the  three  sets  of  results  for  the 
upper  surface  are  in  reasonable  agreement  in  regard  to  the  basic  shape,  but  that  there  are 
more  irregularities  in  the  Ames  distribution,  possibly  because  of  surface  waviness. 

Before  comparing  the  oscillatory  measurements,  it  should  be  noted  that  the  difference 
between  the  Ames  and  the  NLR  values  of  k  would  not  be  expected  to  lead  to  significant 
changes  in  the  real  component  C^/a0  ,  although  it  would  have  a  small  effect  on  the 

imaginary  component,  Cp/°Q  •  The  distributions  of  the  oscillatory  components  are  shown 
in  Fig  0.4b  and  c.  With  regard  to  cyaQ  ,  in  the  region  ahead  of  x  *  0.3c  there  are 

considerable  differences  both  between  the  two  Ames  sets  and  between  the  Ames  and  NLR 
sets.  The  dip  in  the  region  0.1c  <  x  <  0,2c  is  well  established  by  three  points  in  the 
Ames  test  at  the  higher  Re,  but  is  only  just  in  evidence  with  a  single  point  at  the  lower 
Re.  This  is  mentioned  in  the  Introduction  to  Data  Set  5  where  it  is  concluded  that  this 
dip  is  not  spurious  but  must  be  attributed  to  a  viscous  effect.  Interestingly  the  NLR 
distribution  for  an  even  lower  Re  also  shows  a  single-point  dip. 

For  the  distribution  of  the  imaginary  component,  C^/aQ  the  main  difference  is  the 

vertical  displacement  between  the  similarly  shaped  distributions  of  NLR  and  Ames  tests. 

This  can  be  ascribed  partly  to  the  known  influence  of  changing  k  from  0.20  to  0.26. 

Another  contributory  factor  may  be  differences  between  the  unsteady  effects  of  wall  inter¬ 
ference  in  the  two  tunnels. 

The  second  example  is  a  comparison  of  tests  that  relate  closely  to  CT  Case  6  which 
corresponds  to  a  supercritical  design  case.  The  tests  chosen  for  comparison  are: 


Test 

M 

offl  (deg) 

k 

Transition 

NLR  6708 

w8m 

msm 

■M 

0.18 

Pres 

Ames  191 

■HfiB 

Bowl 

3.3 

Pres 

Ames  148 

mam 

Miff  Ml 

■kSH 

0.20 

11.4 

Free 

All  the  tests  were  made  without  fixing  transition  and  the  Reynolds  numbers  for  the  NLR 
test  and  the  Ames  191  are  sufficiently  close  for  the  viscous  characteristics  of  these  two 
tests  to  be  comparable.  The  third  set,  Ames  148,  is  included  to  show  the  effects  of  e 
large  increase  in  Reynolds  number. 

There  are  differences  between  the  NLR  and  Ames  tests  in  regard  to  Mach  number  and 
mean  incidence.  Ae  already  explained  in  section  2.1  these  differences  are  deliberate,  each 
<M,aa)  combination  having  bean  chosen  by  the  experimenter  during  preliminary  trials  to 

achieve  a  steady  flow  that  matched  the  flow  calculated  by  an  inviscid  theory  for  the 
<**8^  case.  In  a  sense,  the  differences  in  the  parametric  settings  in 
the  NLR  and  Ames  tunnsls  can  be  regarded  as  compensating  to  some  extent  for  the  differences 
in  steady  Interference  effects  and  for  the  differences  in  the  shapes  of  the  models. 

The  distributions  of  local  Mach  number,  ,  for  the  steady  mean  incidences,  as 

shown  in  Pig  0.5a,  have  the  same  general  shape,  ere  in  reasonable  agreement  on  the  general 
level  of  ml  in  the  supercritical  region  and  agree  on  the  chordvise  position,  x  <*  0.6c  , 

at  which  the  deceleration  from  eupercritlcal  flow  occurs.  However,  as  for  ths  subsonic 
example,  the  Ames  distribution*  have  e  waviness  over  the  forwsrd  half  of  the  chord  that  is 
not  present  in  the  NLR  distribution.  Also  thers  ars  significant  differences  in  the 
deceleration  gradients  dM^/dU/c)  vhsre  ths  abrupt  deceleration  begins. 

Comparisons  of  the  oscillatory  pressures  are  shown  In  Pig  0.5b  and  c.  Bach  set  of 
results  include  peaks  in  -C^/aQ  and  “Cp/s0  dose  to  the  beginning  of  the  deceleration 
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from  supercritical  flow,  the  highest  Re  producing  the  highest  peaks.  Whilst  the  waviness 
in  the  Ames  distributions  is  not  unexpected  in  view  of  the  waviness  in  the  distribu¬ 

tions,  there  are  serious  differences  between  the  Ames  and  NLR  results  in  regard  to  the 
mean  level  of  C^/ag  in  the  region  0.3c  <  x  <  0.6c. 

Also  there  are  serious  differences  for  both  C^/oq  and  C"/oq  in  the  region 

0.6c  <  x  <  1.0c  where,  surprisingly,  it  is  the  Ames  results  for  the  higher,  and  not  the 
lower,  Re  that  agree  better  with  the  NLR  results.  It  is  remarkable  that  over  the  rear  of 
the  chord,  0.7c  <  x  <  1.0c,  there  are  such  large  differences  between  the  three  sets  of 
unsteady  pressures  when  the  steady  pressures  there  are  in  relatively  good  agreement. 
Probably  the  explanation  is  that  the  unsteady  pressures  over  the  rear  part  of  the  chord 
are  dependent  on  the  convection  of  the  vorticity  generated  by  the  unsteady  processes 
occurring  upstream  -  in  the  present  case  the  unsteady  behaviour  where  the  supercritical 
flow  is  first  decelerated.  In  other  words,  over  the  rear  of  the  chord,  the  effects  of 
changing  test  conditions  on  the  unsteady  pressures  are  more  likely  to  correlate  with  the 
effects  of  the  changes  on  the  steady  pressures  at  more  forward,  rather  than  local, 
positions. 

It  will  now  be  clear  that  both  of  the  previous  examples  include  discrepancies  that 
cannot  readily  be  attributed  to  differences  in  the  models  or  in  the  test  parameters. 

Since  the  ratio  of  tunnel  height  to  model  chord  is  6.7  for  the  Ames  tests  and  3.1  for  the 
NLR  tests  it  is  tempting  to  ascribe  at  least  some  of  the  discrepancies  to  differences  in 
tunnel  interference  and  furthermore  to  give  more  'weight'  to  the  data  from  the  tunnel  with 
the  larger  ratio.  However,  whilst  interference  may  indeed  by  the  reason,  without  further 
evidence  and  analysis  it  may  be  better  to  regard  the  differences  simply  as  typical 
uncertainties  inherent  in  unsteady  wind-tunnel  measurements. 

8  COMPARISON  BETWEEN  THEORY  AND  EXPERIMENT 

The  use  of  experimental  data  as  qualitative  information  requires  no  special  comment  - 
it  is  when  the  data  are  to  be  used  for  numerical  comparisons  with  theoretical  computations 
that  difficulties  arise. 

The  principal  aim  of  computational  development  is  naturally  directed  towards  full- 
scale  aircraft.  One  of  the  difficulties  in  making  comparisons  with  wind-tunnel  results 
arises  because  the  experiments  include  features,  particularly  tunnel  interference,  which 
have  no  counterparts  in  the  aircraft  situation.  The  difficulties  of  applying  interference 
corrections  to  the  measurements  have  already  been  discussed.  If  no  assurance  can  be  given 
that  the  interference  effects  on  a  particular  set  of  data  are  negligible,  either  theory 
must  be  diverted  from  its  main  aim  and  extended  to  include  a  mathematical  representation 
of  the  tunnel  boundaries  in  the  computational  model:  or,  if  that  is  not  possible,  the 
probable  importance  of  the  effects  must  be  assessed  from  whatever  information  on  the 
subject  has  become  available  when  the  comparisons  are  being  made. 

A  full  specification  of  an  unsteady  experiment  in  a  tunnel  includes: 

Model  and  basic  flow 

Model  shape: 

Oscillatory  motion:  mode,  amplitude  and  frequency: 

Stream  Mach  number,  M: 

Mean  incidence,  an  (also  possibly  mean  flap  angle,  4m  ) : 

Viscous  characteristics 

Reynolds  number: 

Transition  position: 

Tunnel  boundary  characteristics 

Wall  geometry: 

Ventilation  properties, 

Comparative  computations  can  vary  in  type  from  (a)  those  that  include  only  the  model  and 
basic  flow,  to  (b)  those  that  include  the  full  experimental  specification.  But  at  the 
start  of  any  programme  of  comparison  it  is  most  likely  that  the  chosen  type  of  computation 
will  omit  the  tunnel  boundaries:  furthermore  the  computational  modal  may  not  fully 
represent  the  viscous  characteristics  of  the  experiment.  In  this  cess,  apart  from  the 
shape  of  the  model  and  the  oscillatory  motion,  the  main  parameters  entering  the  computation 
will  be  M  and  ,  if  tunnel  interference  (or  viscosity)  has  had  a  serious  effect  on 

the  measurements,  then  it  is  hardly  likely  that  computations  mads  for  the  experimental 
specification  (M,an)£  will  yield  results  in  agreement  with  the  experiment. 

In  the  particular  case  when  a  shockwave  is  present,  it  is  clear  that  the  experimental 
and  theoretical  distributions  of  unsteady  pressure  will  not  agree  unless  there  is  already 
an  agreement  with  regard  to  the  mean  position  and  strength  of  the  shock.  But  more 
generally  for  all  types  of  flow,  it  would  seem  that  an  agreement  on  the  steady  pressure 
distribution  is  a  prerequisite  to  an  agreement  on  the  unsteady  pressures. 

Whilst  it  may  be  true  that  there  is  generally  no  free-air  equivalent  of  the  tunnel 
condition,  it  it  possible  that  an  improved  comparison  of  unsteady  pressure  may  result  if 
the  calculations  are  made  for  a  different  condition  (H,s  )c  which  gives  better  agreement 
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for  the  steady  pressure  distributions.  In  effect,  the  comparison  will  no  longer  be  based 
on  identities  of  stream  Mach  number  and  mean  incidence  but  instead  on  similarity  of  the 
steady  pressure  distributions  or,  more  aptly,  on  similarity  of  the  distributions  of  local 
Mach  number  M^  .  If  such  a  method  of  comparison  is  adopted,  steady  computations  would 

need  to  be  made  over  ranges  of  M  and  to  seek  some  agreement  in  the  distributions  of 

before  any  unsteady  calculations  are  performed.  As  previously  mentioned  in  section 

2.1,  such  adjustments  to  the  steady  mean  conditions  have  already  been  suggested  for  the 
supercritical  design  case  for  the  NLR  7301  airfoil  of  Data  Sets  4  and  5. 

A  caution  is  necessary  here.  Should  a  theoretical  condition  (M.a^) c  be  found  that 
gives  an  distribution  exactly  matching  that  of  an  experimental  condition  (M,am)E, 

thus  supposedly  compensating  for  the  steady  interference  effects,  it  does  not  follow  that 
the  compensation  extends  to  the  unsteady  interference  or  even  to  the  interference  on  a 
quasi-steady  change.  This  should  be  clear  from  Fig  0.2.  The  point  needs  to  be  kept  in 
mind  when  making  unsteady  comparisons  between  theory  and  measurements  for  the  steady- 
matched  supercritical  design  cases  of  Data  Sets  4  and  5. 

When  a  comparison  is  made  across  an  appreciable  difference  in  stream  Mach  number, 
there  is  a  question  of  choice  concerning  the  form  of  the  non-dimensional  unsteady  aero¬ 
dynamic  quantities  that  are  to  be  compared.  This  arises  because  local  Mach  number  M^ 

is  related  uniquely  to  p/pt  but  not  to  C s  obtaining  identity  in  the  values  of 
entails  a  difference  in  the  values  of  c  ,  Then,  since  in  effect  p/p.  rather  than  C 

p  up 

is  being  used  for  the  steady  matching,  it  would  seem  more  appropriate  for  the  comparison 
of  unsteady  data  to  be  made  for  non-dimensional  quantities  such  as  p/pt$0  (already  men¬ 
tioned  in  section  4)  rather  than  the  conventional  quantities  typified  by  Cp/*Q  s  p/q4Q  . 

To  give  an  examples  if  the  two  stream  Mach  numbers  over  which  the  comparison  is  being 
made  are  M  =>  0.80  and  M  =  0.85,  then  an  exact  agreement  between  the  values  of  p/pt$0 

would  entail  a  difference  of  approximately  7%  in  the  corresponding  values  of  Cp/4g  • 

However,  for  small  differences  in  M  ,  the  matter  is  usually  unimportant,  particularly  if 
the  differences  lie  within  the  range  of  experimental  uncertainty.  Note  that  the  unsteady 
measurements  of  Data  Set  7  are  presented  as  values  of  p/Pt4n  because  they  were  originally 
used  for  comparisons  between  different  tunnels. 

The  preceding  discussion  has  assumed  that  the  tunnel  walls  are  not  taken  into  account 
in  the  calculations.  If  the  intention  is  to  include  the  tunnel  boundaries  in  the  computa¬ 
tional  model  it  may  be  difficult  to  define  a  mathematical  boundary  condition  sufficiently 
representative  of  the  ventilated  walls  of  the  experiment.  It  may  then  be  desirable  to 
make  separate  calculations  for  each  of  the  two  extreme  conditions  representing  closed  and 
open  boundaries,  as  has  been  done  in  Ref  0,12  and  possibly  make  a  third  calculation  for 
some  intermediate  homogeneous  boundary  condition. 

in  summary,  the  basis  on  which  the  experimental  and  computational  unsteady  data  are 
compared  may  take  any  of  the  following  format 

-  Same  class  of  flow; 

-  Similarity  of  distribution! 

-  Identity  of  basic  flow  parameters  (M,a  ) .  Possibly  also  ldsntity  of  viscous  para¬ 
meters,  Re  and  transition  position;  n 

-  Full  experimental  specification  including  the  tunnel  boundaries. 

9  SUGGESTIONS  FOR  FUTURE  EXPERIMENTS 

The  need  for  further  experimental  data  will  naturally  depend  on  the  early  compari¬ 
sons  with  the  present  data.  If  the  agreement  is  good,  the  only  question  to  arise  would 
be  whether  all  the  significant  features  associated  with  full-scale  aircraft  had  been 
catered  for.  In  this  connection  it  will  be  noted  that,  although  a  supercritical  section 
is  included  in  the  Compendium,  thero  are  no  data  for  a  supercritical  wing.  However,  this 
omission  will  be  overcome  when  oscillatory  pressure  measurements  become  available  for  the 
LANN  wing  whose  geometry  and  CT  Cases  are  defined  in  Ref  0.2. 

In  the  more  likely  event  of  differences  being  found  between  the  computations  and  the 
experiments,  there  may  be  a  need  for  new  experiments.  Before  discussing  what  form  these 
should  take,  it  needs  to  be  noted  that  the  experimental  programmes  from  which  the  present 
Data  Sets  were  abstracted  predate  the  choice  of  the  CT  Cases.  Not  all  the  experiments 
were  specifically  designed  to  provide  data  for  the  kind  of  close  numerical  comparisons 
now  proposed. 

In  future  it  may  be  desirable  to  give  more  attention  to  overcoming  the  uncertainties 
of  tunnel  interference,  say  by  Including  in  any  new  tests  the  effects  of  changing  the 
characteristics  of  the  tunnel  walls.  The  desirability  of  fixing  transition  needs  to  be 
re-examined.  There  could  be  advantages  In  making  measurements  of  boundary-layer  thickness 
under  steady  conditions  so  that  these  could  be  related  to  viscous  calculations.  Also  it 
'  may  be  necessary  to  take  more  account  of,  or  to  place  greater  restraint  on,  the  elastic 
*  distortions  when  3-0  configurations  ere  being  tested. 


In  addition  there  are  two  general  matters  that  merit  discussion  and  which  to  some 
extent  are  interrelated.  These  are  (l)  the  form  of  the  comparisons  and  (2)  the  method  of 
communicating  the  experimental  data. 

Regarding  the  first  of  these  matters,  it  is  evident  that  the  importance  of  variation 
of  the  main  parameters  was  fully  recognized  when  the  CT  Cases  were  selected.  Completion 
of  the  computations  for  all  cases  for  a  configuration  and  their  comparison  with  experiment 
is  intended  to  demonstrate  how  well  theory  can  cope  with  the  different  situations.  But  the 
intervals  between  consecutive  values  of  the  parameters  are  necessarily  rather  wide  so  that 
the  comparisons  tend  to  appear  as  a  series  of  single-point  correspondences.  That  is,  for 
each  case  the  experimental  results  for  a  particular  condition  (M,ct  )„  will  be  compared  with 

m  £i 

computed  results  for  the  same  or  a  related  condition  Whilst  single-point  compari¬ 

sons  may  be  satisfactory  for  comparing  one  computational  method  with  another,  they  may  not 
be  ideal  for  comparing  computation  with  experiments  one  reason  being  the  inevitable 
uncertainties  and  sensitivities  of  the  experimental  results,  it  would  be  preferable  to  make 
comparisons  of  the  variations  of  the  aerodynamic  quantities  with  the  main  parameters  such 
as  M  and  ,  in  the  immediate  vicinity  of  the  corresponding  condition  (M,am) ,  thereby 

taking  account  of  the  parametric  sensitivities.  In  practice  this  could  mean  a  comparison 
between,  on  the  one  hand  the  data  for  a  pivotal  condition,  and  on  the  other,  data  for  a 
mesh  of  points  surrounding  the  pivot  point,  whether  in  a  planned  programme,  the  matrix  of 
data  is  provided  by  the  computations  or  the  experiments  will  probably  depend  to  some 
extent  on  the  relative  costs  of  computation  and  experiment.  On  this  matter  it  is  noted 
that  although  the  capital  cost  of  mounting  an  experiment  is  large,  the  running  cost  of 
additional  measurements  may  be  relatively  low. 

The  possibility  of  using  a  greater  quantity  of  experimental  data  leads  to  a  considera¬ 
tion  of  the  second  matter,  the  means  by  which  the  data  are  communicated.  It  is  obvious 
that  printed  tables  cannot  be  used  until  they  have  been  read  and  some  manual  action 
performed.  This  procedure  is  acceptable  provided  the  listings  are  not  to  extensive,  but 
the  labour  involved,  quite  apart  from  the  amount  of  paper  required,  inhibits  the  use  of 
large  amounts  of  data  in  this  form.  Rather  than  printed  tables  it  is  suggested  that  in 
future  the  data  be  communicated  by  computer-readable  magnetic  tape.  To  give  an  example  of 
the  practicality  of  this  suggestion,  all  the  results  of  the  NORA  tests  from  two  large 
tunnels,  some  177  cases  in  all,  can  be  made  available  on  a  standard  200  mm  diameter 
magnetic  tape.  By  using  this  means  of  communication,  a  computer  available  to  the 
theoretician  could  present  visual  displays  of  the  effects  of  parametric  variations  and 
indeed  show  the  comparisons  themselves. 
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Table  0.1 


THE  AGARD  AEROELASTIC  CONFIGURATIONS 


Configuration 

Experimental  data 

Source 

Present  position 

2-Dimensional 

Parabolic  arc 

Pitch  and  plunge 
oscillations 

- 

No  experiments 

NACA  6 4 AO 06 

Flap  oscillation 

NLR 

Data  Set  1. 

CT  Cases  1,2, 3, 5, 6, 7,8*, 10*, 11 

NACA  64A010 

NASA  Ames  model 

Pitch  oscillation 

Ames 

Data  Set  2. 

CT  Cases  1,2, 3, 4, 5, 6*, 7, 8, 9, 10* 

NACA  0012 

Pitch  oscillation 
and  transient 

ARA 

Data  Set  3. 

CT  Cases  1*, 2, 3, 5, 6, 7, 8* 

MBB-A3 

Pitch  and  plunge 
oscillations 

MSB 

Steady  data  only 

DO  A1 

Pitch  oscillation 

- 

No  experiments 

NLR  7301 

Pitch  oscillation 

NLR 

Data  Set  4. 

CT  Cases  1,2, 3, 4, 5, 6, 8* 

Ames 

Data  Set  5. 

CT  Cases  1,2, 3, 4, 5, 6, 7,8*, 9 

Flap  oscillation 

NLR 

Data  Set  4. 

CT  Cases  10,11,12,14 

3-Dimonsional 

Rectangular  wing 

Pitch  oscillation 
about  2  axes 

RAE 

Experiments  planned  for  1984 

RAE  wing  A 

Pitch  oscillation 

RAE 

Possibility  of  future  experiments 

Flap  oscillation 

RAE 

Data  Sat  6. 

CT  Cases  4, 5, 8, 9*, 11 

NORA  model 

Oscillation 
about  swept  axis 

GARTEur* 

Data  Set  7. 

CT  Cases  1,2*, 3, 4, 5*, 6*, 7, 8, 9 

ZKP  wing 

Flap  oscillation 

VFW 

Data  available  in  1983 

LANN  wing 

Pitch  oscillation 

NLR 

Data  probably  available  in  1983 

*  Denote*  the  priority  oases  for  computational  testa. 

t  The  NORA  experiments  were  made  under  the  auspices  of  the  Group  for  Aeronautical  Research 
and  Technology  in  Europe. 
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Table  0.2 

NLR  7301  AEROFOIL  PITCHING  ABOUT  0.4c 


Flow 

Case 

Subsonic 

CT  Case  1 

Data  Set  4 
Data  Set  5  | 

CT  Case  2 

Data  Set  4 
Data  Set  5  j 

Transonic 

with 

shock 

CT  Case  3 

Data  Set  4 
Data  Set  5  | 

CT  Case  4 

Data  Set  4 
Data  Set  5  j 

CT  Case  5 

Data  Set  4 
Data  Set  5  j 

Super¬ 

critical 

design 

CT  Case  6 

Data  Set  4 
Data  Set  5  j 

CT  Case  7 

Data  Set  4 
Data  Sat  5  | 

CT  Case  8* 

Data  Sut  4 
Data  Set  5  j 

CT  Cass  9 

Data  set  4 
Data  Set  5  { 

Run  No. 
or  DI 


Re  x  10 


Transition 


52705 

205 

198 


.499 

.508 

0.505 


.696 

.710 

0.700 


0.700 

0.696 

0.710 

0.700 


0.700 

0.695 

0.710 

0,700 


0.751 


0.721 

0.752 

C.751 


0.751 


.721 


0.050 

0.049 


.44  0.262 
0.50  0.197 
0.50  0.198 


.42  0.072 
0.50  0.050 
0.49  0.050 


0.050 

0.050 


2.11 

3.14 

12.0 


2.12 

3.14 

12.0 


0.050 

0.050 

0.050 


1.0  I  0.068  I 

No  measurements 
1.01  |  0.050  | 
1.00  0.050 


6.20 

11.4 


6.20 

11.4 


0.201 


0.453  I 

No  measurements 
0.50  I  0.300 
0.50  0.301 


2.22 

3.30 

6.20 

11.4 


6.20 

11.4 


*  Denotes  a  priority  case  for  computations 


q  •  1/2#V 


p  “  ''p,  lower  *  '’p,  upper 


l  •  qcc, 

H  •  qc?cB 


e.  •  $  C.tft  •  i 
*  eirfoil  9 


tf  •  qccnf 
H#  • 

C«  *  vrr  !  c?c.d* 


*cp«c 


si 


»*-  /  C 

r  control  tpen 


«-  •  $  CB(»./e  .  t  •  «/c  •  di/d«)tf(  •  /  4C.(»./c  *•  Ode 

eirfoil  *  0  * 


flop 


Ch  •  $  -  C  -  */c  •  di/dt)dt  •  /  eCJs./t  •  0*1 

Hep  f  *  »g/c  p  * 

Flo  0.1  Wing  section  and  total  force  end  aooent  definitions  fro*  Ref  0.2 
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His  assumed  that  a  steady  condition  iM.Oml 
in  the  tunnel  is  equivalent  to  a  steady  condition 
I  M, aim)  in  tree  air. 

Displacement  A|  is  an  effect  ol  steady  Interference  i 
Aj  and  Aj  are  the  effects  of  unsteady  Interference 

Fig  0.2  Schematic  diagram  illustrating  tunnel  interference 
on  the  modulus  and  phase  of  oscillatory  pressure 


Fig  0.3  NlS  3301  Airfoil.  Comparison  between  physical  models  and  design  shape. 
Profile  height  t/c  for  part  of  upper  surface,  (hole:  Che  base  line 
used  to  define  *  1$  not  the  same  for  both  models;  this  is  irrelevant 
to  the  comparisons) 


NACA  61*A006  OSCILLATING  FLAP 
by 

R.J.  Zwaan,  NLR 


INTRODUCTION 

The  wind  tunnel  model  which  had  a  N'.CA  6LA006  airfoil  section,  was  fitted  with  a  trailing-edge  flap 
of  25  per  cent  of  the  chord.  The  maximum  thickness  of  this  symmetrical  airfoil  is  6  per  cent  and  is 
located  at  about  28  per  cent  of  the  chord.  Curing  the  test  the  main  surface  was  clamped  at  the  wind 
tunnel  side  walls,  whereas  the  flap  could  be  driven  in  a  harmonic  motion  about  an  axis  at  75  per  cent  of 
the  chord.  The  flap  had  no  aerodynamic  balance. 

In  the  set  of  two-dimensional  aeroelastic  configurations  this  airfoil  represents  the  category  of 
small  thickness  and  conventional  airfoils  (roof-top  type).  The  characteristics  are  illustrated  in  figure 
1.1,  presenting  the  development  of  the  steady  and  unsteady  pressure  distributions  with  Mach  number  for  a 
given  frequency.  Passing  the  critical  Mach  number,  M*w0.85,  the  measured  unsteady  pressure  distributions 
start  to  deviate  from  the  calculated  distributions  under  the  influence  of  shocks  at  both  sides.  The 
calculated  results  are  based  on  lifting  surface  theory. 

Lift  and  moment  coefficients  are  given  in  figure  1.2  for  a  frequency  of  120  Hz.  An  at  least  qualita¬ 
tive  agreement  exists  between  experiment  and  theory  up  to  MwO.85.  Results  are  also  given  for  k  =  0,  see 
figure  1.3.  The  differences  between  experiment  and  theory  are  appreciably  larger  now,  which  can  be 
ascribed  partly  to  tunnel  wall  interference. 


1  AIRFOIL 

1 . 1  Designation 

1.2  Type  of  airfoil 

1.3  Geometry 

I.1*  Design  condition 

1.5  Additional  remarks 

1.6  References  on  airfoil 

2  MODEL  0E0HETHY 

2.1  Chord  length 

2.2  Span 

2.3  Actual  in' del  coordinates  and  accuracy 
of  measurements 

•2.U  Flap:  hinge  and  gap  details 

2.5  Additional  remarks 

2.6  References  on  model 

3  WIND  TUNNEL 

3. 1  Designation 

3.2  Type  of  tunnel 

3.3  Teat  action  dimensions 

3*6  Type  of  toofsnd  floor 

3«5  Type  of  aids  valla 

3.6  Ventilation  geometry 

3.7  Thickness  of  side  wall  boundary  layer 

3. a  Thickness  of  boundary  layers  at 
roof  and  floor 

3.9  Method  of  measuring  Mach  number 

3.10  Uni  Comity  of  Mach  number  over  teat 
section 

3.11  Sources  end  levels  of  noise  sr 
turbulence  in  empty  tunnel 

3.12  tunnel  resonances 


NACA  6LAOO6 

Roof  top.  6  %  thick,  symmetrical 
See  Table  1.1 
Not  applicable 

Ref.  1.1 


0.18  m 
0.b2  n 

See  Table  1.2 

Hinge  axis  at  0.75  cj  gap  width  0.1  ua 


NLR  Pilot  ‘funnel 
Continuous,  closed  circuit 

Rectangular ;  ace  Fig.  t.L 
height  0,3$  m,  width  0,1*2  a 

10  %  slotted  top  end  bottoa  walls,  separate  top  and 
bottom  plenums 

Solid  side  walls 
See  Fig.  1,6 

Thickness  10  I  of  test  section  semi-width,  no  special 
treatment 

Not  measured}  probably  comparable  with  side  wall 
boundary  layers 

Derived  from  static  pressure  aessured  upstream  of 
model  and  from  total  pressure  measured  in  settling 

ehsmbev 

See  Fig.-.  1.5 

TUrbuleocs/noto*  level,  see  Fig.  I.o 
No  evidence 


3.13  Additional  remarks 
3. 11*  References  on  tunnel 


For  two-dimensionality  of  the  flow  see  Ref.  1.3 
Ref.  1.2 


MODEL 

MOTION 

4.1 

Mode  of  applied  motion 

Flap  oscillation 

4.2 

Range  of  amplitude 

6  »1° 

0 

4.3 

Range  of  frequency 

f  =  0  to  120  Hz;  k  =  0  to  0.4 

4.4 

Method  of  application 

.Electrodynamic  excitation  at  both  sides  of  the  flap, 
using  adjustable  spring  stiffness 

4.5 

Purity  of  applied  motion 

Checked  by  spectral  analysis;  no  data  stored 

4.6 

Natural  frequencies  and  normal  modes 
of  model 

No  interference  with  natural  vibration  modes 

4.7 

Static  or  dynamic  elastic  distortion 
during  tests 

Negligible 

4.8 

Additional  remarks 

TEST  CONDITIONS 

5.1 

Tunnel  height/model  chord  ratio 

3.1 

5.2 

Tunnel  width/model  chord  ratio 

2.3 

5.3 

Range  of  Mach  number 

M  =  0.5  to  1.0 

5.4 

Range  of  tunnel  total  pressure 

Atmospheric 

5.5 

Range  of  tunnel  total  temperature 

313  i  1  K 

5.6 

Range  of  model  steady,  or  mean, 
incidence 

o  ;  -4°  to  0°;  fi  ! 
o  n 

-3°  to  3° 

5.7 

Definition  of  model  incidence 

Zero  incidence  defined  by  matching  upper  and  lover 
static  pressure  distribution  (applicable  because  of 
airfoil  symmetry) 

5.8 

Position  of  transition,  if  free 

Not  applicable 

5.9 

Position  and  type  of  trip,  if 
transition  fixed 

2.5  mm  atrip  of  carborundum  grains  at  0.1  o 

5  10 

Fcr  mixed  flow,  position  of  sonic 
boundary  in  relation  to  roof  and 
floor 

Not  measured 

5.11 

Flow  instabilities  during  teats 

No  evidence 

5,12 

Additional  remarks 

- 

5.13 

References  describing  teats 

Ref.  1.4 

MEASUREMENTS  AND  OBSERVATIONS 

6.1 

Steady  pressure#  for  the  mean  conditions 

✓ 

6.2 

Steady  pressures  for  stall  changes  fro*  the  mean  conditions 

✓ 

6.3 

Quasi-steady  pressures 

6.4 

Unsteady  pressure a 

~ 

6.5 

Steady  forces  for  the  mean  conditions 

(measured  directly 
(integrated  press. 

✓ 

6.6 

Steady  forces  for  small  changes  fro*  the  mean  conditions 

(measured  directly 
(integrated  press. 

V 

6.? 

Quasi-steady  forces 

(measured  directly 
(integrated  press. 

6.8 

Unsteady  forces 

fsseasvu  ed  directly 
(integrated  press. 

/ 

6.9 

Measurement  of  actual  motion  at  points  on  model 

6.10 

Observation  or  measurement  of  boundary  layer  properties 

6.11 

Visualisation  of  surface  flow 

6.12 

Visualisation  of  shockwave  Movement* 

“7” 

6.13 

Additional  remarks 

See  7.2.1 
See  7.2.3 

See  Figf  1.7  and  1.8 


INSTRUMENTATION 

7.1  Steady  pressures 

7.1.1  Position  of  orifices  spanwise  and 
chordvise 

7.1.2  Type  of  measuring  system 

7.2  Unsteady  pressures 

7.2.1  Position  of  orifices  spanwise  and 
chords ise 

7.2.2  Diameter  of  orifices 

7.2.3  Type  of  measuring  system 
7.2.U  Type  of  transducers 

7.2.5  Principle  and  accuracy  of 
calibration 

7.3  Model  motion 

7.3.1  Method  of  measurement 

7.3.2  Accuracy 

7.1*  Processing  of  unsteady  measurements 

7.1*.  1  Method  of  acquiring  and 
processing  measurements 

7.1* .2  Type  of  analysis 

7.1*. 3  Unsteady  pressure  quantities 

obtained  and  accuracies  achieved 

7.1*.l*  Method  of  integration  to  obtain 
forces 

7.5  Additional  remarks 

7.6  References  on  techniques 

DATA  PRESENTATION 

8. 1  Teat  caaes  for  which  data  could 
he  made  available 

8.2  Teat  cases  for  which  data  are 
included  in  this  document 

8.3  Steady  pressures 

6.1*  Quasi-steady  or  steady  perturbation 
pressures 

8.5  Unsteady  presaurea 

8.6  .  Steady  forces  or  moments 

8.7  Quasi-steady  or  steady  perturbation 
forces 

8.8  Unsteady  forces  snd  moments 

8.9  Other  forms  in  which  data  could  be 
aade  availeble  if  required 

8.10  References  giving  other  presentations 
of  data 

COMMENTS  ON  DATA  v 

9.1  Accuracy 

9.1.1  Mach  number 

9. 1 .2  Steady  incidence 

9.1.3  Reduced  frequency 

9.1.i  Steady  pressure  coefficients 

9.1.5  Steady  pressure  derivatives 

9.1.6  Unsteady  pressure  coefficients 

9.2  Sensitivity  to  small  changes  of 
parameter 

9.3  Spanwise  variations 
9.8  Ion-linearities 


0.8  mm 

38  pressure  tubes  +  6  in  situ  pressure  transducers 

±2.5  psi  and  ±5  psi  Statham  differential  pressure 
transducers,  and  ±5  psi  Kulite  miniature  pressure 
transducers 

Calibration  uses  transfer  functions  of  pressure 
tubes,  see  Ref.  1.1*;  for  accuracy  see  9.10 


Signal  analysis  of  TFA  over  20  cycles  for  f  =>  30  Hz 
and  60  cycles  for  f  =  120  Hz 

Fundamental  harmonics;  for  accuracy  see  9.10 


Trapezoidal  rule 

Refs  1.1*,  1.5 


Table  1,3 
Table  1.4 

Mean  preiaurea  in  Table*  1,5  to  1.18 

Steady  pressure  derivatives  in  Tables  1,5,  1.8,  1.11, 
1.14  and  1.17 

Tables  1.6,  1.7,  1.9,  1.10,  1.12,  1.13,  1.15,  1.16 
and  1.18 

See  8.4 
8ee  8.5 

Ref.  1.6 


±0.002 

±0.02“ 

±0.0005 
;  Rot  known  - 
Mot  known 
Mot  known 
Mo  evidence  -  ■ 

No  evidence  . 

Part  of  analyaia  pt ezperimantal  reaulta;  see  Raf.  1.4 


See  Fig.  1.7 
See  9.10 

See  Fig.  1.9 
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9.5 

Influence  of  tunnel  total  pressure 

- 

9.6 

Wall  inter*'  rence  corrections 

No  corrections  included 

9.7 

Other  relevant  tests  on  same  model 

None 

9.8 

Relevart  tests  on  other  model  of 
nominally  the  same  airfoil 

Unknown 

) 

9.9 

Any  rt marks  relevant  to  comparison 
between  experiment  and  theory 

Comparisons  of  experiment  and  theory  including 
various  calculation  methods  are  given  in  Ref.  b 

9.10 

Additional  remarks 

No  systematic  investigations  of  separate  accuracies 
have  been  performed;  accuracy  of  lift  and  moment 
coefficients  is  estimated  to  he  5  to  10  per  cent  in 
magnitude  and  3  to  6  degrees  in  phase  angle 

9.11 

References  on  discussion  of  data 

Refs  1.1*,  1.7 

10  PERSONAL  CONTACT  FOR  FURTHER  INFORMATION 

R.J.  Zwaan,  National  Aerospace  Laboratory  (NLR),  Anthony  Fokkerweg  2,  1059  CM  Amsterdam, 
The  Netherlands 
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12  NOTATION  AND  LIST  OF  SYMBOLS 

DATA  SET  STANDARD 

ALPHA  mean  wing  incidence,  a,  deg 

C  flap  amplitude,  4Q,  deg)  see  Note  2  below 

CP  steady  mean  pressure  coefficient, 

DCP  oscillatory  pressure  coefficient  tk  *•  0)  ,_tabulated  as  REal,  IMsginary,  HODulus  and 

ARGuaent,  equivalent  tc  -Cp/40,  in  whieh  Cp/40  »  iCl/40)  +  i(O40).  RE,  IH,  MOD  in 
rad"1,  ARO  in  deg.  If  k  ■  0,  than  DCP  ■  -lCp(e40)-Cp(-40)J/240 

DELTA  mean  flap  angle,  4a,  deg 

F  frequency,  f,  11s 

K  reduced  frequency,  k  ■  tfe/V 

KC,  k0  oseillatory  wing  lift  coefficient,  2[j/»60,  rad" 

M  mean  local  Each  nuaber, 

MO,  aQ  oscillatory  wing  pitching  moment  coefficient  (about  0,25  e),  -2  C#/»40,  rad"1 

NC,  n0  oscillatory  flap  hinge  moment  coefficient,  -2 

PC  total  pressure,  pfc,  Pa 

Q  dynamic  preesure,  q.  Pa 

RC  oscillatory  flap  lift  coefficient,  S^/trd,  rad"1 

BE  Reynold*  number  based  on  ving  chard.  Be 

♦  (eurfix)  upper  side  ■' 

:  Uuffix)  lower  mide  ...  ;; 


■  vi-'VfV'vur'V.  <  cnTiv  - 


*  (superscript)  critical  value 

Note  1 :  Symbols  not  mentioned  here  conform  to  the  notation  in  the  General  Review 

Note  2:  The  oscillatory  motion  is  defined  as  6  =  5q  sin  ut,  in  accordance  with  the  General  Review.  The 
equation  for  a  corresponding  oscillatory  pressure  reads: 
p(t)  =  pB  +  p'sin  ut  +  p"cos  ut  +  etc. 

Similar  expressions  hold  for  the  aerodynamic  coefficients. 


TABLE  1.1 

Contour  data  of  the  NACA  61*A006  airfoil 


X  (%  c) 

z  [%  c) 

x  (%  c) 

z  {%  c] 

0 

0 

1*0 

2.999 

0.5 

O.U85 

>*5 

2.9*»5 

0.75 

0.585 

50 

2.825 

1.25 

0.739 

55 

2.653 

2.5 

1.016 

60 

I  2.1*38 

5.0  ' 

1.399 

65 

2.188 

7.5 

1 .684 

70 

1.907 

10 

1.919 

75 

1.602 

15 

2.283 

80 

1.285 

20 

2.557 

85 

0.967 

25 

2.757 

90 

0 .619 

30 

2.896 

95 

0.331 

35 

2.977 

100 

0.013 

TABLE  1.2 

Actual  contour  data  of  the  NACA  61*A006  airfoil 
(measures  per  cent  of  chord) 


L.E.  radius:  0.2l»6  t  c 


X 

Z 

upper 

z 

lower 

1.25 

0.71(2 

-0.7l*2 

2.50 

1.025 

-1.025 

5.00 

1.1(05 

-1.1(05 

7.50 

1.686 

-1.686 

10.00 

1.919 

-1.922 

15.00 

2.283 

-2.283 

20.00 

2.558 

-2.555 

25.00 

2.758 

-2.758 

30.00 

2.89!* 

-2.889 

35.00 

2.975 

-2.969 

1(0.00 

2.991 

-2.989 

1(5.00 

2.9U2 

-2.936 

50.00 

2.822 

-2.819 

55.00 

2.655 

-2.61*2 

60.00 

2,1*30 

-2.1*25 

65.00 

2.191* 

-2.169 

70.00 

1.908 

-I.89I* 

75.00 

- 

“ 

80,00 

1.310 

-1.310 

85.00 

0.989 

-0.989 

90.00 

0.668 

-0.668 

95.00 

0.31*6 

-0.31*6 

100.00 

0.027 

-0.027 

Test  condition 


TABLE  1.3 

Test  program  for  the  NACA  6UA006  airfoil  with  flap 


MACH  NUMBER 


o_«  0° 
5-  3° 


-2 6 
(T.  30 

n . 

0 

30 

120 

V  "2° 

"3° 

0 

30 

120 

v 

V  °° 


AMPLITUDE  OR  OSCILLATION:  «  «  1  DEO 


TABLE  1.1* 

Test  cases  for  the  NACA  61*A006  airfoil  with  flap  included  in  Data  Set  1 


| 


CT  Case 

Data  Set  1 

No 

M 

<$o 

k 

Run  No 

M 

«o 

k 

Re*10-6 

Table 

Subsonic 

zl 

0.800 

1.5 

0 

- 

0.800 

1.5 

0 

0 

2.3l* 

1.5 

1 

0.800 

1.0 

0.061* 

l*090l* 

0.791* 

1.09 

0.15 

0.061* 

2.32 

1.6 

2 

0.800 

1.0 

0.253 

1*0807 

0.801* 

1.11 

0.00 

0.253 

2.35 

1.7 

z2 

0.825 

1.5 

0 

0.825 

1.5 

0 

0 

2.36 

1.8 

3 

0.825 

1.0 

0.062 

1*0905 

0.821* 

1.09 

0.15 

0.062 

2.36 

1.9 

1* 

0.825 

2.0 

0.062 

No  measurement 

5 

0.825 

1.0 

0.21)8 

1*0305 

0.822 

0.95 

0,20 

0.21*8 

2.28 

1.10 

Transonic 

z3 

0.850 

1.5 

0 

_ 

0.850 

1.5 

0 

0 

2.39 

1.11 

6 

0.850 

1.0 

0.060 

1*0906 

0.853 

1.10 

0.16 

0.060 

2.1*0 

1.12 

7 

0.850 

1.0 

0.21*0 

1*0806 

0.851* 

1.05 

0.02 

0.21*0 

2.1*1 

1.13 

zh 

0.875 

1.5 

0 

- 

0.875 

1.5 

0 

0 

2.1*3 

1.11* 

8* 

0.875 

1.0 

0.059 

1*0907 

0.877 

1.13 

0.15 

0.059 

2.1*3 

1.15 

9* 

0.875 

2.0 

0.059 

No  measurement 

10« 

0.875 

1.0 

O.23!* 

1*0807 

0.879 

1.08 

0.01 

0.231* 

2.1*1* 

1.16 

25 

0.960 

1.5 

0 

- 

0.960 

1.5 

0 

0 

2.51 

1.17 

11 

0.960 

1.0 

0.051) 

1*0911 

0.966 

1.03 

0.00 

0.051* 

2.53 

1.18 

12 

0.960 

- -  -1 

1.0 

0.2l!) 

No  measureme 

_ 1 _ 

it 

0.18 

i  Remarks  on  Table  1.1* 

!  Cases  zl  to  z5  are  extra  to  the  computational  cases  identified  in  reference  1.8.  They  correspond  to 

I  zero-frequency  (k  =  0)  experimental  data  that  are  closely  related  to  the  CT  Cases  for  which  k  *  0. 

!  ■  The  asterisks  denote  Priority  Cases. 


In  all  cases  =  0.  Transition  is  fixed  at  0.15  c. 
m 


*  . 

* 

1  j 

i 

m 

TABLE  1.5 

>• 

M  ■ 

.600 

r  *  0 

*L»HA 

■  0.00  KC  ■ 

1.32 

OELT* 

■  0.00  MC  ■ 

.612 

;  i 

C 

-  1*5  NC  - 

.0372 

■  ! 

1 

uppepswe 

LOUERSIOE 

I  ; 

x/c 

CP  ♦ 

M  ♦ 

OCP 

♦ 

CP  - 

M  - 

OCP 

• 

i  : 

HE 

16 

HE 

IH 

i 

.010 

-.005 

.60? 

3.55? 

0.0 

.029 

.787 

-3.609 

0.0 

■  ! 

•  050 

-.154 

.670 

2.292 

0.0 

-.1*3 

.865 

-2,253 

0.0 

1 

.100 

-.192 

.667 

1.833 

0.0 

-.179 

.881 

-1.833 

0.0 

).  \  ' 

.200 

-.236 

.907 

1.660 

0.0 

-.218 

.908 

-1.719 

0.0 

f  i  1 

.300 

-.268 

.92? 

1.719 

0.0 

-.27  J 

.9?* 

-1.852 

0.0 

i  :  : 

,400 

-.290 

.93? 

1.890 

0.0 

-.293 

.933 

-2.005 

0.0 

; 

.450 

-.276 

.9?6 

1.967 

0.0 

-.267 

.921 

-1 .986 

0.0 

•  :  ' 

.500 

-.249 

.913 

1.890 

0.0 

-,?50 

.91* 

-2.02* 

0.0 

1  1  i 

.550 

-.216 

,696 

1.9*8 

0,0 

-.213 

.897 

-1,98b 

0.0 

*  ■  ■  1 

.600 

-.179 

,661 

2.005 

0.0 

-.176 

.680 

-2.158 

0.0 

;  ■  1  ! 

.650 

-.150 

.666 

2.215 

0,0 

-.1** 

.865 

-2.3*9 

0.0 

;  -  1 

.TOO 

-.119 

.65* 

2.597 

0.0 

-.103 

.6*7 

-2.616 

0.0 

(■ 

V*  ! 

.725 

-.104 

.647 

2.9*1 

0.0 

-.06* 

.838 

-2.826 

0.0 

!  ! 

.750 

-.096 

.6*3 

*.*31 

0.0 

.007 

.797 

-7.086 

0.0 

1 

.775 

-.071 

.632 

3.856 

0,9 

-.053 

.82* 

-3.72* 

0.0 

it 

.500 

-.046 

,6?1 

2.807 

0,0 

-.03* 

.615 

-2.769 

0.0 

f 

*550 

-.010 

.605 

1.661 

0.0 

-.00* 

.802 

-1.699 

0.0 

.900 

.023 

.790 

,97* 

0.0 

.P70 

.786 

-.97* 

0.0 

1 

• 

: 

V 

.  i 

.950 

'  ■ .  ■ 

■  - 

.067 

.770 

.*56 

0.0 

.0  7? 

.765 

-.♦77 

0.0 

i 


TABLE  1.6 


ftUNNO  40904 

M  *  .794  F«  30.0  ALPHA*  0 
PO*  10429  DELTA*  .15 
RE*  2.32E6  K*  *064  C*  1.09 
Q  *  3037.30 


RE 

I’M 

RE 

IN 

KC*  1 

.016  -0 

,260  RC*  .2766 

.0112 

X5* 

U334E-3 

1 

HC* 

.640 

'.OH  NC*  .6385 

.0028 

X6« 

I,346E*3 

0 

UPPERSIDE 

LONERSIDE 

X/C  CP. 

H* 

DCP» 

OCP* 

CP- 

H- 

OCR, 

DCP, 

RE 

IN 

NOD 

ARO 

RE 

IM 

HOD 

ARC 

.010  -0.035 

.811 

,671 

-1,474 

1.619 

-65 

.077 

.759 

*0,736 

1,554 

1.719 

115 

.050  -0.175 

.873 

.342 

-0.753 

.827 

-66 

-0.120 

.847 

-0.678 

1.050 

1.250 

123 

.100  -0.226 

.897 

.657 

-0*853 

1.077 

-52 

-0.166 

,867 

-0.737 

,895 

1.159 

129 

.200  -0.252 

.909 

.991 

-0.787 

1.266 

-38 

-o;z22 

,893 

-1.115 

,826 

1.38? 

143 

.300  -0.279 

.921 

1.245 

-0.683 

1.420 

-29 

-0*256 

.968 

-1.276 

,7  08 

1.459 

151 

.400  -0.304 

.932 

1.628 

-0.554 

1.719 

-19 

-0.279 

,919 

-i.ste 

.605 

1.690 

159 

.450  -0.287 

.925 

1.744 

-0,4o3 

1.790 

-13 

•0*26o 

.910 

-1,66s 

,490 

1.736 

164 

.500  -0.263 

.914 

1.826 

—0 .30 1 

1.850 

-9 

-0.235 

,898 

-1.825 

,379 

1.864 

168 

.550  -0.222 

.895 

1.915 

-0.198 

1.925 

-6 

"0.199 

,882 

-1.927 

*288 

1.948 

172 

•6oo  -O.i9o 

.881 

2.034 

-0.113 

2.038 

-3 

-0.165 

.867 

-2,105 

.185 

e.iia 

175 

.650  -0.159 

.866 

2.1SS 

-0.136 

2.159 

-4 

-0.127 

.850 

-2.302 

.118 

2,306 

177 

.700  -0.125 

.851 

2,258 

-0.253 

2.272 

-6 

-0.089 

.833 

-2.649 

,043 

2.65q 

17? 

.725  -0.108 

.844 

2.658 

-0.213 

2.667 

-5 

-0.071 

.825 

-2.885 

•  023 

2.885 

180 

.750  -O.C6b 

.825 

4.948 

.409 

4.965 

5 

.013 

.787 

-5.276 

1.571 

5.505 

i$3 

.775  -0.085 

.833 

4.697 

.224 

4,103 

3 

-0.030 

,606 

-3.82l 

-0.047 

3.822 

181 

.800  -0.058 

.821 

3.038 

.335 

3.057 

6 

-0.018 

,801 

-2,943 

-0.141 

2.946 

183 

.850  -0.018 

.803 

1.751 

.212 

1.764 

7 

.006 

.790 

-1.738 

-0.662 

1.739 

181 

.900  .021 

,786 

,959 

•Uo 

,964 

6 

.038 

,776 

"1.066  -0,090’ 

1,06% 

,950  .069 

.764 

,314 

.613 

•374 

2 

.080 

.757 

•o.sSi  -i»o43 

.503 

US 

TABLE  1.7 


RUNNO  40607 

H  •  .804  F*  *20,0  ALPHA*  0 
PO*  10484  DELTA*-0.00 
RE*  2.35E6  K*  .293  C*  1.11 
0  •  3097.83 


RE  IN  RE  IN 

KC*  ,830  *0.394  RO*  .3090  .0480 

HC*  ,756  -OiOiB  NC*  .0419  *0119 


X/C 

CP? 

N? 

UPPERSIDE 

DCP? 

RE  IN 

DCP* 

'MOD '  ARO 

CP- 

LOMERSIDE 

H.  OCP- 

RE  IN 

OCP- 

NOo  ARO 

.010 

-0.031 

.818 

-i.C 

01 

-0,899 

1.346 

,710 

-138 

,068 

,?J4  1.043 

,660  .601 

,«}4 

1*387 

41 

.050 

-0.173 

,862 

-0.*94 

-0.510 

•134 

•0.124 

.704 

,926 

49 

.100 

-0,225 

,906 

-0*616 

-0,768 

.873 

•lie 

,882  ,476 

,647 

*«n 

61 

.200 

-0.252 

.919 

-0.C 

81 

•1.121 

1.124 

-94 

.906  ,06l 

1.12B 

1.127 

87 

.300 

-0.280 

,932 

.4 

28 

-1.351 

1.417 

-72 

-0,257 

,921  -0.448 

1.2T6 

1,352 

10? 

.400 

-0.306 

.944 

1.240 

-1.688 

1.921 

•5o 

-0,282 

.933  -1.100 

I.SflT 

1.008 

130 

.450 

-0.289 

,936 

l.jj 

47 

-1.277 

2,084 

-38 

-0,267 

,926  -1,335 

1.199 

1.795 

138 

.500 

-0.26l 

.923 

43 

-1.1)8 

2.242 

-30 

-0.238 

.912  -1,668 

1.044 

1,966 

148 

.530 

-0.223 

.905 

2.3 

46 

-o.?oo 

2.327 

-23 

-0,203 

,896  -1,906 

.924 

2.116 

154 

.600 

-0.168 

.889 

2.2 

136 

-0.629 

2.420 

-15 

•0,160 

.880  -2,217 

.664 

2.315 

163 

.650 

-o.ise 

.875 

2.8 

82 

-0.428 

2.617 

-9 

,664  -2,556 

.523 

2.609 

168 

.700 

-0.126 

*861 

2.729 

-0.180 

2.735 

-4 

.847  -2.976 

.290 

2.992 

174 

.725 

-0.108 

.852 

3.1 

59 

-0.13? 

3.262 

-2 

-0.076 

,838  -3,286 

.212 

3.293 

.730 

-0.045 

.824 

7. 

88 

.660 

7.188 

0 

.008 

,800  -6. 567 

,214 

6.510 

178 

.775 

-0,0§3 

.841 

4. 

27 

,134 

4,429 

2 

*0.038 

.821  “3.953 

-0.100 

3.957 

163 

.800 

-0.055 

.828 

3.3 

39 

.446 

3.368 

8 

-0.024 

.816  -3,099 

-0.374 

3.121 

187 

,8So 

-0.017 

.811 

1.986 

,488 

2.045 

14 

-0,001 

,804  -1.833 

:s;«! 

1.865 

1?3 

.900 

>o2o 

.794 

1*! 

05 

.407 

1.178 

ao 

,032 

,789  -1,121 
,770  -0,606 

1.206 

?o| 

.950 

,066 

,773 

>31 

,220 

,487 

28 

•  074 

•0.273 

•566 

200 

TABLE  1.8 


M  = 

.825 

P  3  0 

ALPHA 

=  o.no 

KC  = 

1.35 

DELTA 

=  0.00 

MC  = 

.640 

C 

=  1.5 

NC  = 

.0380 

ijopEPSinp 

LOKfRSIDE 

X/C 

CP  + 

M  + 

DCP 

+ 

CP  - 

M  - 

DCP 

- 

PE 

IM 

RE 

1M 

.010 

i,017 

.817 

3.13? 

n.n 

.039 

.807 

-3.208 

0.0 

.060 

-.146 

.894 

2.081 

0.0 

-.141 

.891 

-2.139 

0.0 

.100 

-.180 

.914 

1.680 

0.0 

-.181 

.910 

-1.757 

0.0 

.200 

-.246 

.942 

1.623 

0.0 

-.247 

.942 

-1.719 

0.0 

.300 

-.203 

.959 

1.85? 

0.0 

-.  289 

.962 

-1.910 

0.0 

.400 

-.321 

.978 

?•  349 

0.0 

-.326 

.980 

-2.349 

0.0 

.450 

-.300 

.968 

2.311 

n.o 

-.294 

.965 

— 2.?92 

0.0 

.500 

-.265 

.951 

?.081 

0.0 

-.263 

.950 

-2.177 

0.0 

.550 

-.225 

.931 

? .  06? 

0.0 

-.224 

.931 

-2.158 

0.0 

.600 

-.107 

.913 

?.  1 7  7 

o.n 

-.184 

.912 

-2.253 

0.0 

.650 

-.151 

.896 

?.406 

0.0 

-.147 

.894 

-2.463 

0.0 

.700 

-.119 

.881 

?.  750 

0.0 

-.104 

.874 

-2.712 

0.0 

.725 

-.103 

.873 

3.13? 

0.0 

-.084 

.864 

-2.922 

0.0 

.750 

-.002 

.868 

4.660 

0.0 

.007 

.822 

-7.219 

0.0 

.775 

-.068 

.857 

3.991 

o.n 

-.051 

.849 

-3.839 

0.0 

.000 

-.042 

.045 

?.B45 

0.0 

-.0  32 

.840 

-2.884 

0.0 

.850 

-.006 

.828 

1.661 

0.0 

.002 

.824 

-1.699 

0.0 

.900 

.029 

.811 

.938 

0.0 

.036 

.808 

-.974 

0.0 

.950 

.072 

.791 

.439 

0.0 

.079 

.788 

-.401 

0.0 

TABLE  1.9 


RUNNO  40905 

M  ■  (824  F"  30.0  ALPHA*  0 
P0«  10426  DELTA*  .15 
RE*  2.36E6  K*  .062  C*  1.09 
Q  •  3175.36 


RE  1M  RE  IH 

KC*  1,060  -0.260  RC»  .2863  .0195 

MC»  .681  .022  HO*  .0395  .00*1 


X/C 

CP* 

N* 

UPPERS IDE 
t)CP* 

RE  JM 

DCP* 

(ROD  ARO 

CP- 

M- 

LOKERSIDE 

OCR" 

RE  IH 

OCP- 

MOQ  ARQ 

.010  -0.011 

.031 

*817 

•1.351 

1,6*6 

-69 

,088 

.782 

-0,5*9 

i.m* 

1.691 

111 

•05o  -0.163 

.905 

.273 

-0*7oT 

,758 

-69 

-0.116 

.878 

-0.562 

-0.898 

,9*9 

1.167 

11$ 

.100  *0.223 

.931 

.559 

-0.839 

1.000 

-56 

-0*168 

.902 

,915 

1.1*1 

.200  -0.250 

.9*0 

.908 

-0.84* 

1.2*0 

-63 

-0.235 

,93* 

-1.067 

.901 

•eit 

1,396 

.300  -0.29* 

.966 

1.308 

•0.793 

1.530 

-31 

-0.275 

.953 

-1.356 

1.5*2 

1*« 

.400  -0.329 

.983 

1.956 

-0.715 

2.082 

-20 

-0.308 

.969 

-1,877 

,756 

2.023 

158 

.*50  -0.312 

.975 

2.107 

•0.667 

2.158 

-12 

-0*286 

,956 

-1.9*0 

,978 

2.026 

163 

.500  “0.270 

,950 

2.113 

-0.271 

2.130 

-7 

-0.256 

,9*3 

-2.030 

2.067 

•5So  *0.233 

.936 

2.065 

-0.1*3 

2.069 

•  * 

-0.212 

.923 

-2,102 

,262 

2.119 

173 

.600  -0.19* 

.910 

2.1*7 

-0.0*8 

2.1*8 

-1 

-0.171 

.903 

-2.266 

.161 

2.25o 

l!t 

.650  -0.162 

.902 

2.271 

•0.053 

2.272 

-l 

-0.136 

,686 

-2,667 

.650 

2.667 

179 

.TOO  -0.129 

,687 

2.3*6 

-0.182 

<2.353 

-6 

-0.092 

.866 

-2.771 

“0.062 

2.771 

181 

■725  -0.112 

.678 

2.700 

-0.133 

2.763 

-3 

-0.072 

.857 

-2.99* 

-0.066 

2.995 

l*A 

.750  “0 .060 

.058 

5.091 

.5*7 

5.120 

6 

.017 

.815 

-5.617 

1.590 

5.665 

106 

.775  -o.»86 

.066 

*.209 

.363 

4.30* 

5 

-0.029 

.636 

-6.000 

-0.133 

6.003 

»■* 

•000  -0.050 

.053 

3.173 

.468 

3.2o7 

6 

-0.016 

.831 

-3.079 

-0,202 

3.085 

1 

.850  >0.01* 

.832 

1.005 

,288 

1.626 

9 

,00$ 

.619 

-1.793 

-0.092 

1*795 

.900 

.02* 

,615 

,967 

,135 

.977 

a 

01 

.803 

-1,08? 

-0,128 

1.096 

,950 

.013 

.791 

*381 

,032 

•382 

5 

.786 

•0.483 

•8*841 

*694 

»•* 
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TABLE  1.10 


RUNNO  40305 


M  ■ 

,822  F» 

120.0 

ALPHA* 

0 

P0«  10069 

OELT*» 

|20 

RE»  2.28E6  K* 

•248 

Ca 

,95 

Q  ■  3056.41 

RE 

IH 

Rf 

IM 

KC« 

.865  -0.480  RC*  .3462 

.0481 

HC» 

.861  -0.064  NC»  .0477 

•  0120 

UPPERS IDE 

L0WERS10E 

X/C  CP* 

M* 

pep* 

DCP* 

CP. 

M- 

DCP. 

OCP- 

RE 

IM 

HOD 

AR8 

RE 

IM 

MOD 

ARG 

.010  .002 

.821 

*1,336 

*0.490 

1*423 

*160 

.064 

.792  1,437 

,496 

1.521 

19 

.050  -0.157 

.896 

•6*641 

—0.285 

•  720 

-157 

*0.135 

.885  .978 

.433 

1.070 

24 

.100  -0.217 

.925 

-0,?34 

*0.588 

*940 

-141 

-0,185 

.909  ,849 

,673 

1.083 

38 

.200  -0.257 

.944 

-0.546 

-1.074 

1.214 

-118 

-0.247 

.938  ,6o8 

1*233 

1.374 

64 

.300  -0.293 

.961 

•  138 

*1.765 

1.770 

-85 

-0.285 

,956  -0,048 

1,690 

1.691 

92 

.400  -0.329 

.979 

1.462 

-2.225 

2.662 

*57 

-0.319 

.973  -1,291 

2.651 

2.424 

122 

.450  -0.307 

.968 

2.104 

*1.836 

2,792 

-41 

-0.296 

.962  -1,683 

1.754 

2.431 

134 

.500  -0.270 

.950 

2.333 

-1.416 

2.730 

-31 

■0.258 

.944  -2,ll2 

1.399 

2.533 

146 

,550  -0.229 

.930 

2.577 

*1.087 

2,797 

-23 

-0n220 

.925  -2,314 

1,165 

2.591 

153 

.600  -0.193 

.913 

2.747 

•0.745 

2.846 

-15 

-0.179 

.906  -2.586 

,843 

2.720 

162 

.650  -0.161 

.898 

2.867 

-0.489 

3.007 

-9 

-0.142 

.888  -2.869 

,654 

2.943 

167 

,700  -0.126 

.882 

2,956 

•0.230 

2,965 

-4 

"0.104 

.870  -3.307 

,354 

3.326 

174 

.725  -0.106 

.872 

3.445 

-0.194 

3.451 

-3 

-0.081 

,859  -3.571 

.248 

3.58o 

176 

.750  -0.061 

.851 

6.850 

-0.178 

6.853 

-1 

.617 

.814  -7.104 

.136 

7,105 

179 

.775  -0.080 

.860 

4.901 

.086 

4.901 

1 

-0.045 

.843  -4.696 

-0.106 

4.698 

181 

.800  -.0.052 

.847 

3.?40 

.440 

3,766 

7 

-0.029 

.835  -3,638 

-0.338 

3.654 

IBS 

.856  -0.013 

,829 

2.|2  4 

.501 

2*'280 

13 

-0.000 

.822  *2,121 

-0.483 

2,175 

193 

.900  .024 

.811 

1.194 

.429 

1.268 

20 

*034 

,865  -1.329 

-6*466 

i;*6a 

194 

.950  .on 

,789 

,455 

•245 

.517 

28 

>o8l 

.784  -0.467 

-0*396 

.675 

206 

TABLE  1.11 

M  "  . 850 

F  =  0 

ALOHA 

=  o.on  KC  = 

1.41 

DELTA 

a  0,00  |,|(;  s 

.745 

C 

=  1.5  NQ  = 

.0358 

uopppstn* 

L0KFRS1I7E 

X/C  CM  ♦ 

M  * 

OCM 

, 

CP  - 

M  - 

DCP 

_ 

HE 

19 

HE 

IM 

.010  .043 

.829 

2.731 

0.0 

.062 

.820 

-2.654 

0.0 

.080  -.134 

.914 

1.81* 

0.0 

-.HO 

•  91* 

-1.795 

P.0 

.100  -.180 

.938 

1.451 

0.0 

-.175 

.936 

-1.489 

0.0 

.200  -.28* 

.976 

1,489 

0.0 

-.264 

.981 

-1 .588 

0.0 

.300  -.30, 

1.001 

1.719 

0.0 

-.317 

1 .000 

-1.948 

0.0 

.,00  -.378 

1.038 

2.44* 

0.0 

-.385 

1.0*3 

-2.55V 

0.0 

.480  -.340 

1.020 

3,705 

0.0 

-.362 

1.031 

-4.049 

0.0 

.800  -.283 

.990 

*.794 

0.0 

-.28? 

.990 

-5.042 

0.0 

.880  -.237 

.967 

1.833 

0.0 

-.236 

.967 

-2.062 

0.0 

.800  -.181 

.944 

1.984 

0,0 

-.190 

.9*3 

-1.986 

0.0 

•  650  -.182 

.925 

2.253 

0.0 

-.147 

.922 

-2.23* 

0.0 

.TOO  -.US 

.906 

2.684 

0.0 

-.105 

.901 

-2.674 

0.0 

.725  -.100 

.899 

3.09* 

0,0 

-.082 

.890 

-2.884 

0,0 

.750  -.080 

.894 

*.660 

o.n 

.011 

.8*5 

-7.105 

0.0 

.775  -.065 

.882 

*.049 

o.n 

-.947 

.873 

-3.877 

0.0 

.800  -.039 

.869 

2.88* 

0.0 

-.029 

.86* 

-2.92.1 

0.0 

.850  0.000 

.850 

1.499 

0.0 

.007 

.8*7 

-1 .680 

O.U 

.900  .0.17 

.832 

.988 

0.0 

,044 

.829 

-.974 

0.0 

.950  .082 

.810 

.439 

0.0 

,087 

.808 

-.401 

0.0 
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TABLE  1.12 


RUNnO  409i:6 

»  =  .<153  F= 

30.0 

ALPHA® 

0 

P«=  1:425 

DELTAS  . 

16 

RE=  2.40E6  Ks 

.060 

Cs  1, 

10 

C  =  3302.42 

RE 

IM 

Rt. 

III 

<C"  1.119  -0. 

278  4C=  .2887 

.0284 

MCs  .732 

029  \C"  .0393 

.  0  056 

li“Per>SI<jfc‘ 

lOXERSIOE 

X/C  CP*  H+ 

OCP* 

DCP* 

CP- 

K— 

DCP- 

DCP- 

RE 

I* 

mod 

RO 

RE 

1M 

MOD 

arg 

.010  .015  ,B45 

.292 

-1.137 

1.174 

-76 

.104 

.803 

-0.340 

1.212 

1.258 

106 

.050  -0.156  .929 

.153 

-0.6o2 

.621 

-76 

-0.107 

.907 

-0.373 

.867 

.944 

113 

.100  -0.220  .961 

.343 

-0.737 

.813 

-66 

-0.166 

.937 

“0.507 

.867 

1.005 

120 

.200  -0.273  .968 

.621 

-0.843 

1.047 

-54 

-0.244 

.976 

-0.828 

.979 

1.282 

130 

.300  -0.321  1.013 

.998 

-V.951 

1.379 

-44 

-0.296 

1.002 

-1.155 

.998 

1.526 

139 

.400  ”0.392  l.u5j 

1.721 

-1.059 

2.021 

-32 

”0.354 

1.033 

-2.351 

1.311 

2.691 

151 

•45o  -0.377  1.042 

4.088 

-1.77C 

4.454 

-23 

-0.329 

1.019 

-3.773 

1.312 

3.995 

161 

,500  -0.311  1.008 

4.276 

-0.332 

4.289 

-4 

-0.265 

.986 

-2.161 

.170 

2.167 

176 

.550  -0.240  .972 

1.884 

.334 

1.913 

10 

-0.221 

.964 

-2.149 

.090 

2.151 

178 

.600  -0.198  .951 

1.975 

.236 

1.989 

7 

-0.174 

.941 

-2.265 

.023 

2.265 

179 

.650  -0.16o  .932 

2.193 

.161 

2.199 

4 

-0.133 

.92c 

-2.466 

-0.047 

2.466 

181 

.700  -0.125  .914 

2.384 

-0.037 

2.384 

-1 

-0.088 

.898 

-2.804 

-0.114 

2.807 

182 

.725  -0,106  .905 

2.837 

-0.000 

2,837 

-c 

-0.068 

.888 

-3.028 

-0.141 

3.031 

183 

.750  -0.064  .884 

5.195 

.66c 

S.237 

7 

.020 

.844 

-5.51o 

1.582 

5.733 

164 

.775  — o.08y  .692 

4.426 

.483 

4,453 

6 

-0.026 

.867 

-4.083 

-0.228 

4.089 

183 

.800  -0.052  .878 

3.235 

.578 

3,286 

10 

-0.013 

.860 

-3.114 

-0.300 

3.128 

185 

.850  -0.007  ,856 

1.812 

.363 

1.847 

11 

.014 

.847 

-1.796 

-0.164 

1.804 

185 

.900  .034  .836 

.955 

.175 

.971 

10 

.047 

.831 

-1.063 

-0.177 

1.077 

189 

•95 o  .082  .813 

.360 

.040 

.362 

6 

.092 

•  81u 

-0.465 

-0.081 

.472 

190 

TABLE 

.13 

RUNNO 

40806 

M  «  .854  Fa  120(0 

PO"  10479 

ftSi:  . 

0 

02 

RE"  2. 

41E6  X" 

•240 

C*  1,05 

Q  ■  3320.06 

RE 

IM 

R5 

IM 

KC" 

,797  -0,561  RO"  *3814 

.0651 

MC" 

.923  -0447  W>  >6475 

.0146 

UPPERS  IDE 

lowersioe 

X/C  CP. 

Ht 

OCPt 

DCP* 

CP- 

M- 

DCP- 

DCP- 

RE 

IM 

MOO 

ARG 

HE 

IH 

MOO 

ARC 

.010  .019 

.044 

-1,284 

,262 

1.252 

-192 

,094 

.808 

1,22° 

-0,280 

1.251 

347 

.080  -0.152 

.929 

-0»66l 

,iei 

,475 

•  196 

•0.114 

.910 

.966 

-0.116 

.9!$ 

353 

.100  -0.214 

.960 

-0.891 

,055 

.893 

•184 

-0*16? 

.937 

.989 

.039 

.990 

2 

.200  -0.267 

,986 

•1.213 

-0.339 

1.260 

•  164 

•0.245 

,975 

1,116 

.633 

1.283 

30 

.300  -0.314 

1.011 

-1.354 

-1.330 

1.897 

•  136 

-0,301 

1.004 

1,006 

1.498 

1.805 

56 

,400  -0.372 

1.041 

•0.325 

•3,083 

3.100 

-96 

•0.354 

1.032 

-0.250 

3.063 

3.073 

95 

,45o  -0.367 

1.038 

1.399 

•4,7j9 

4.922 

-73 

-0.342 

1.026 

-1.513 

4,335 

4.592 

109 

.500  -0.33o 

1.019 

3.214 

-5,418 

6.300 

-59 

-0.280 

.993 

-3,476 

2.969 

41571 

140 

.55o  -0.236 

.971 

3.841 

-1.564 

4.147 

-22 

-0.220 

.963 

-3.243 

1.189 

3.454 

160 

.600  -0.1^0 

.948 

3.538 

•0,633 

3,594 

-10 

•0.178 

.942 

-3,274 

.479 

3.343 

1*8 

*680  “0.156 

.930 

3.489 

-0.367 

3.5oB 

-6 

-0.136 

.921 

-3.374 

.606 

3.412 

!?] 

.700  -0.124 

.915 

3.465 

-0,060 

3.486 

-1 

•0.093 

.699 

-3.567 

.165 

3.591 

.725  -0,162 

.903 

3.856 

-0,016 

3.856 

-0 

-0.074 

.890 

-3,860 

.089 

3.86) 

179 

.750  -0.044 

,875 

7.724 

.194 

7,726 

l 

«02l 

.843 

-7,010 

-0*283 

7.015 

182 

.?7S  -0,079 

.893 

5.129 

.229 

5.134 

3 

-0.031 

.869 

-4.597 

-0.276 

4.605 

183 

teoo  -o.oSi 

,879 

3.946 

.589 

3,990 

8 

-o.oie 

.862 

-3,637 

-0,516 

3.673 

IBS 

,850  -0,068 

.857 

2,246 

.*16 

i!»3 

15 

.012 

,848 

-2,116 

-0,586 

2*  1 J6 

I’f 

.900  .032 

.838 

l.»3 

,810 

22 

.041 

.832 

-1.2*0 

•0;570 

1.363 

20* 

,950  .0^2 

.814 

,46? 

.261 

.535 

29 

.086 

.811 

-0.524 

•0.346 

.629 

214 

▼ 
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TABLE  l.llj 


M  = 

.875 

F  =  0 

ALPHA 

=  0.00 

DELTA 

=  0.00 

C 

=  1.5 

UPPERS  IDF 

X/C 

CP  + 

M  + 

ncp 

♦ 

RE 

19 

.010 

.069 

.840 

1.948 

0.0 

.050 

-.114 

.933 

1.317 

0.0 

.100 

-.163 

.958 

.955 

0.0 

.200 

-.251 

1.004 

.897 

0.0 

.300 

-.318 

1.040 

1.203 

0.0 

.400 

-.395 

1.082 

1.146 

0.0 

.450 

-.435 

1.104 

1.356 

0.0 

.500 

-.468 

1.123 

5.118 

0.0 

.550 

-.408 

1.089 

6.551 

0.0 

.600 

-.166 

.960 

7.640 

0.0 

.650 

-.124 

.938 

5.882 

0.0 

.700 

-.094 

.923 

2.311 

0.0 

.725 

-.081 

.916 

2.48? 

0.0 

.750 

-.075 

.913 

4.106 

0.0 

.775 

-.051 

.901 

3.648 

0.0 

•  BOO 

-.028 

.889 

2.654 

0.0 

.850 

.013 

.868 

1.508 

0.0 

.900 

.049 

.850 

.80? 

0.0 

.950 

.094 

.828 

.36? 

0.0 

KC  =  1.57 
MC  =  1.000 
NC  =  .0336 


LOKERSIOE 


CP  - 

M  - 

DCP 

- 

RE 

IH 

.088 

.831 

-1.948 

0.0 

.109 

.930 

-1.337 

0.0 

.160 

.957 

-.993 

0.0 

.256 

1.007 

-.974 

0.0 

.325 

1.044 

-1.298 

0.0 

.404 

1.087 

-1.260 

0.0 

.435 

1.104 

-1.585 

0.0 

.471 

1.125 

-5.290 

0.0 

.384 

1.076 

-6.761 

0.0 

.163 

.958 

-7.888 

0.0 

.119 

.936 

-5.233 

0.0 

.081 

.916 

-2*40b 

0.0 

.062 

.906 

-2.406 

0.0 

.029 

.860 

-6.436 

0.0 

.029 

.890 

-3. 30- 

0.0 

.011 

.881 

-2.502 

0.0 

.022 

.864 

-1.528 

0.0 

.058 

.846 

-.802 

0.0 

.100 

.825 

-.286 

0.0 

TABLE  1.15 


RUNNO  40907 

N  •  ,«T7  F»  30.0  ALPHA*  Q 
P0»  1042S  DELTA*  .15 
RE*  2.43E6  K*  .030  C*  1.13 
«  *  3403.23 


RE 

1M 

RE 

IM 

KC*  1 

,166  -0.397  RC4  *2719 

.060* 

X5* 

U375E-3 

0 

MC* 

*866  -0.063  NO*  .8366 

.0181 

X6* 

1,3936-3 

0 

UPPERS 10E 

LOVERS IDE 

X/C  CP* 

M. 

DCP. 

OCp. 

CP- 

M- 
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Fig.  1.2  Unsteady  aerodynamic  coefficients  as 

a  function  of  Mach  number  (f  =  120  Hz) 
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Fig.  1.1*  Transonic  tost  section  of  th*'  NU1 
Pilot  Tunnel 


Fig.  1.3  Steady  aerodynamic  derivatives  as  a 
function  of  Mach  number 
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Fig.  1,5  Mach  number  distribution  in  NLli 
Pilot  Tunnel  test  section 


Fig.  1.6  Noise  level  in  NLR  Pilot 
Tunnel  test  section 
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Fig*  1.7  Test  oot -up  And  instrumentation  of 
the  NACA  6i*A006  airfoil  with  flap 


Fig.  t,8  location  of  preueure  orifices  on 
the  NACA  6UAQ06  airfoil  with  flap 


Fig.  1.9  Block  diagros  of  twaauring  equipment 
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DATA  SET  2 


NACA  64A010  (NASA  AMES  MODEL)  OSCILLATORY  PITCHING 


by 


Sanford  S.  Davis,  NASA  Ames 


INTRODUCTION  AND  DISCUSSION 

The  test  program  on  the  oscillating  NACA  64A010  airfoil  was  designed  to  expand  the  existing  unsteady 
aerodynamic  test  envelope  to  a  higher  Reynolds  number  and  more  diverse  flow  conditions.  The  data  base 
for  this  airfoil,  as  reported  in  Ref.  2.1,  contains  114  different  combinations  of  Mach  number,  Reynolds 
number,  mean  angle  of  attack,  oscillation  frequency,  and  motion  mode.  A  subset  of  66  runs  corresponds  to 
the  motion  of  pitching  about  a  nominal  axis  at  0.25c.  The  purpose  of  this  Data  Set  is  to  present  the 
matrix  of  test  conditions  corresponding  to  these  66  runs,  to  tabulate  numerical  data  belonging  to  the 
ten  AGARD  CT  Cases  supplemented  by  a  shock-stall  case  (SSC)  of  special  interest,  and  to  present  an  over¬ 
view  of  certain  parametric  variations  of  the  data.  The  data  should  be  useful  in  ascertaining  the  perfor¬ 
mance  of  those  numerical  codes  that  predict  unsteady  transonic  flows  with  shock-wave  boundary-layer 
interactions. 

Each  combination  of  motion  mode  and  the  five  input  parameters  M,  am,  Re,  aQ,  and  k  are  identified 
with  a  unique  number  -  the  dynamic  index  (DI ) .  The  output  was  the  measured  instantaneous  chordwise 
pressure  distribution  on  the  airfoil.  These  data  were  digitized  and  processed  on-line  (Ref.  2.2)  into 
a  form  that  was  suitable  for  interpretation  and  analysis.  Subsequent  off-line  processing  converted  the 
data  into  the  conventional  normalized  quantities  presented  in  this  Data  Set.  The  notation  generally 
follows  that  advocated  as  the  AGARD  standard.  The  nomenclature  used  here  and  an  explanation  of  the 
table  headings  are  included  in  Section  12  of  this  Data  Set. 

The  following  processed  data  are  included  for  each  of  the  AGARD  CT  Cases i 

A.  Steady  upper  and  lower  surface  pressure  distributions. 

8.  Fundamental  frequency  upper  and  lower  surface  pressure  distributions. 

C.  Steady  lift  and  moment  coefficients. 

D.  Fundamental  frequency  lift  and  momont  coefficients. 

The  following  detailed  data  are  presented  for  AGARD  CT  Case  6  onlyi 

E.  Instantaneous  upper  surface  pressure  distribution, 

P.  Instantaneous  lift  and  moment  coefficients. 

Some  of  the  data  have  been  presented  and/or  discussed  in  previous  publications.  Items  A,  B,  C,  and 
o  were  included  in  the  tabulated  and  graphical  data  of  ttef .  2.1,  The  data  wore  compared  among  thomselveo 
and  with  theory  in  Refs.  2. 3  to  2.6. 

Table  2.1  presents  a  complete  list  of  the  entire  t«3t  program  in  chronological  order.  Table  2.2 
shows  the  subset  of  66  UT'*  considered  in  this  Data  Sat.  A  small  subset  of  10  DI's,  designated  in 
Rst’.  3.7  a*  AGARD  CT  Cases  and  the  extra  shock-stall  ease  (SSC),  are  identified  in  Table  2.3  along  with 
the  relevant  flow  parameters.  A  sketch  of  the  oscillating  airfoil  test  apparatus  is  shown  in  Fig.  2.1. 

Tht  experimental  arrangement  is  described  in  detail  in  Refs.  2.1  and  2.8. 

Tabulated  data  for  the  AciARD  CT  Cases  and  th«  SSC  are  presented  in  varying  detail  In  Tables  2.4  to 
2.10.  Table  2.4  shows  the  steady  values  aw)  She  fundamental  frequency  complex  amplitudes  of  lift  and 
moment.  (Note  that  the  real  and  imaginary  parts  of  the  complex  numbers  In  Table  2,4  are  identical  to 
the  single-  and  double-primed  quantities  in  the  standard  AGARD  notation.)  The  moan  and  fundamental 
frequency  pressure  distribution*  are  tabulated  in  Tables  2.5  to  2.14  and  2.17.  These  data  are  taken 
directly  frost  the  microfiche  records  enclosed  in  Ref.  2.1.  A  mors  basic  data  set,  representing  the  In¬ 
stantaneous  load  on  the  airfoil,  is  presented  In  Table  2. IS  fer  CT  Case  6.  Along  with  these  data,  the 
fundamental  frequency  component  of  the  lift  and  moment  is  included  for  comparison  and  reference.  Hie  cost 
detailed  data  set,  from  which  all  che  previous  data  were  derived,  is  the  instantaneous  pressure  distribu¬ 
tion.  These  data  are  present's)  -in  Table  2.16  in  the  form  of  chordwise  pressure  distributions  at  6* 
phase  increments  for  CT  Case  6.  The  value  of  phase  shown  at  the  head  of  each  ccluan  nay  be  correlated 
with  the  nondimensional  time,  or  the  load,  by  cross-checking  with  Table  2. IS. 

With  thasu  AGARD  CT  data,  one  should  be  able  to  verify  in  detail  the  predictive  capability  of  all 
inviscld  e<;des  find  those  viscous  coles  that  Include  mild  shoch-wave/boundary-layer  interactions.  In 
Ref.  2.0  CT  Cash  6  was  thoroughly  analysed  and,  baing  selected  for  priority  analysis  in  Kef.  2.7,  should 
be  the  first  transonic  case  to  coopute, 

Some  of  the  first  harmonic  data  were  Investigated  for  parametric  trends.  Them  data  are  presented 
in  graphical  form  in  Figs.  1.2  to  25.  Fig.  2.2  show*  tha  affect  of  varying  Mach  number  with  other 
parameters  held  constant.  As  the  steady  shock  wave  develops  (uppermost  row),  the  unsteady  pleasure  dis¬ 
tribution  evolves  into  the  peaked  distribution  usually  associated  with  transonic  flow.  Although  the 
unsteady  pressure  drops  at  N  ■  0.84,  compared  to  M  »  0.R0,  on#  should  not  consider  this  to  be  a  typical 
response  with  inreeuing  velocity  in  Die  transonic  speed  range.  The  data  in  Fig.  2.2  are  presented  at  a 
reduced  frequency  k  «  0.2,  which  is  high  enough  to  reduce  the  shock  motion  considerably.  The  interaction 
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between  frequency  and  shock  strength  may  be  such  that  this  dramatic  drop  in  peak  loading  would  not 
occur  at  lower  values  of  k.  .fortunately,  data  at  other  frequencies  were  not  measured  at  M  =  0.84  so 
cross-trends  cannot  be  determined  experimentally. 

Figure  2.3  shows  the  effect  of  varying  the  oscillation  amplitude  with  other  parameters  held  constant. 
Following  the  conventional  notation,  the  pressure  data  (output)  is  normalized  by  the  oscillation  amplitude 
’  (input)  to  indicate  the  linearity  of  the  response.  Data  presented  in  Ref.  2.4  showed  that  the  force  coef¬ 
ficients  were  linear  functions  of  aQ  ,  but  the  individual  pressure  data  do  not  seem  to  follow  this  trend. 
The  shock-wave  excursions,  being  minimal  at  lower  oscillation  amplitudes,  induce  peaked  unsteady  pressure 
distributions.  However,  at  higher  oscillation  amplitudes  the  increased  shock  motion  affects  a  larger  por¬ 
tion  of  the  airfoil.  The  net  result  is  a  balance  in  the  loads  even  though  the  individual  distributions 
vary.  It  is  expected  that  this  trend  holds  at  other  oscillation  frequencies. 

Figure  2.4  shows  the  frequency  variation  with  other  parameters  held  constant.  As  reported  in 
Ref.  2.4,  the  pressure  peaks  and  leading  edge  loading  all  decrease  with  increasing  frequency.  The  trend 
is  smoothly  varying  for  this  transonic  flow  condition,  but  this  may  not  hold  true  for  other  conditions, 
such  as  shock-induced  separation.  For  further  discussions,  refer  to  Refs.  2.3  and  2.5. 

Figure  2.5  shows  that  scale  effect  is  quite  minimal  for  this  flow  condition.  Sublimation  photo¬ 
graphs  indicate  that  transition  occurs  at  the  shock  wave  at  Re  =  3.3  *  10®,  while  leading  edge  transition 
was  observed  at  Re  =  12.6  x  10®.  Even  though  the  point  of  transition  varies  widely,  the  unsteady  pressure 
distributions  are  similar  over  the  entire  Reynolds  number  range.  This  benign  behavior  should  not  be 
considered  a  general  rulei  airfoil  geometry  and  other  mean  flow  conditions  may  be  important  factors  (see 
Ref.  2.5). 

The  complete  unsteady  pressure  distribution  is  shown  in  Fig.  2.6  for  CT  Cases  4  and  6.  Certain 
features  are  common  at  both  low  and  high  frequencies:  pure  sinusoidal  motion  upstream  of  the  shock  wave, 
severe  harmonic  distortion  at  the  shock,  and  minimal  response  towards  the  trailing  edge  region.  The  dis¬ 
torted  wave  forms  in  the  shock  region  are  caused  by  the  frequency-dependent  shock  motion.  These  pressure 
data  can  be  considered  typical  of  that  induced  by  unseparated,  transonic  flow  over  an  oscillating  airfoil. 
Although  harmonic  distortion  is  evident  over  part  of  the  airfoil,  the  forces  and  moments  are  almost  pure 
sinusoids . 


ADDENDUM  -  A  SHOCK-STALL  CASE  (SSC) 

The  AGARD  CT  Cases  for  this  configuration  refer  to  mean  flows  without  separation.  A  more  severe 
challenge  to  computational  methods  is  the  case  where  the  airfoil  pitches  about  a  steady  flow  condition 
that  supports  a  stronger  shock  wave.  Some  data  from  DI  89,  a  case  not  included  in  the  AGARD  Series  but 
specified  in  Table  2.3,  is  presented  for  analysis  and  computational  verification. 

The  fundamental  frequency  and  steady  pressure  distributions  are  tabulated  in  Table  2.17  and  the 
instantaneous  pressure  distribution  in  Table  2.10.  Figure  2.7  depicts  the  complete  unsteady  pressure 
distribution  on  the  upper  surface  at  two  frequencies.  There  is  much  more  harmonic  distortion,  and  the 
contrast  with  Fig.  2.6  is  striking.  The  low  frequency  data  at  the  shock  wave  in  Fig,  2.7  are  180°  out  of 
phase  when  compared  with  CT  Case  4  in  Fig.  2.6,  and  a  strong  unsteady  roponse  persists  to  tha  trailing 
edge.  Unlike  the  unscparatod  flows  of  the  CT  Cases,  those  eomplox  flows  requiro  full  Navier-Stokos 
modeling  to  predict  both  the  steady  stock  wave  position  and  the  subsequent  time-dependent  motion. 


AIRFOIL 

1.1 

Designation 

NACA  64A01D  (NASA  Ames  Model) 

1.3 

Typo  of  airfoil 

Conventional  -  Laminar  Flow 

1.3 

Geometry 

Refer  to  Hof.  2.8  for  theoretical  profile 

1.4 

Design  condition 

1.5 

Additional  remarks 

1.6 

References  on  airfoil 

Ref.  2.8 

MODEL  GEOHCTRV 

2.1 

Chord  length 

0.50  m  (19.6C!“>  in.) 

2.2 

Span 

1.35  m  (53.2  in.) 

2.3 

Actual  model  coordinates  and 
accuracy  of  measurement 

Refer  to  AGARD- AR- 156  (Ref.  2.7) 

2.4 

Flap:  hinge  and  gap  details 

None 

2.5 

Additional  remarks 

Model  mounted  between  splitter  plates  -  see  Fig.  2.1 

2.6 

References  on  model 

Rafe.  2.1,  3.2,  end  2.9 

WIND 

TUNNEL 

3.1 

Designation 

NASA  Ames  11-  X  11 -Foot  Transonic  Wind  Tunnel 

3.2 

Type  of  tunnel 

Closed  return,  variable  density 

3.3 

Test  section  dimensions 

3.35  X  3.3$  X  6.7  m  (11  X  11  X  22  ft.) 

3.4 

Type  of  roof  and  floor 

baffled  slot 

WIND  TUNNEL  (Continued) 


3.5 

Type  of  side  walls 

Same  as  3.4 

3.6 

Ventilation  geometry 

1.78  cm  (0.7  in.)  slots, 

24.4  cm  (9.63  in.)  slats.  Open  area 
ratio  ~  8%  between  splitters 

3.7 

Thickness  of  side  wall  boundary  layer 

Very  thin  due  to  splitters 

3.8 

Thickness  of  boundary  layers  at 
roof  and  floor 

'Approx.  7.6  cm  (3  in.) 

3.9 

Method  of  measuring  Mach  number 

Static  taps  on  splitters,  see  Refs.  2.2  and  2.9 

3.10 

Uniformity  of  Mach  number  over  test 
section 

±0.002 

3.11 

Sources  of  levels  of  noise  or 
turbulence  in  empty  tunnel 

Not  investigated 

3.12 

Tunnel  resonances 

None  noted 

3.13 

Additional  remarks 

3.14 

References  on  tunnel 

Ref.  2.2  and  2.9 

MODEL 

MOTION 

4.1 

Mode  of  applied  motion 

Pitching  nominally  about  0.25c  and  0.50c,  also 
plunging 

4.2 

Range  of  amplitude 

±0-2  degi  ±1  cm 

4.3 

Range  of  frequency 

0-60  Hz 

4.4 

Method  of  application 

Four  graphite  epoxy  push-pull  rods  with  differential 
motion  of  forward  and  aft  pair.  Fig.  2.1 

4.5 

Purity  of  applied  motion 

Pure  sinusoids 

4.6 

Natural  frequencies  and  normal 
modes  of  model 

Lowest  modei  torsion  at  60  Hz 

4.7 

Static  or  dynamic  elastio 
distortion  during  tests 

Not  measured 

4.8 

Additional  remarks 

TEST  CONDITIONS 

5.1 

Tunnel  height/mpdel  chord  ratio 

3.35  m/0.50  m  »  6.7 

S.2 

Tunnel  width/model  chord  ratio 

1.35  m/0.50  m  ■  2.7  (between  splitter  plates) 

5.3 

Range  of  Mach  number 

0.5-0.85 

S.4 

Range  of  tunnel  total  pressure 

50  kN/m2  -  225  kll/m2  (0.5-2.25  ATM) 

5.5 

Range  of  tunnel  total  tumperature 

290  K  -  320  K 

5.6 

Range  of  model  steady,  or  moan, 
incidence 

0-4  deg 

5.7 

Definition  of  model  incidence 

Chord  Une  relative  to  wind  tunnel 

5.8 

position  of  transition,  if  free 

U.mitod  transition  studies  wore  attempted  using  a 

sublimating  material.  At  H  »  0.5,  a  *  0,  irregular 
patterns  were  observed  without  a  definitive  transi¬ 
tion  j»int.  AtH«0.8,  a»0,  Re»12.G*  106 
transition  was  observed  at  x/o  »  0.0S.  St  M  *  0.8, 
a  «  0  ,  Ro  «  3.4  «  106  transition  was  observed  at 
x/c  ■  0.5  (the  shock  vavo) . 


5.9 

Position  and  type  of  trip,  if 
transition  fixed 

5. 10 

For  mixed  flow,  position  of  sonic 
boundary  in  relation  to  roof  and 
floor 

Not  measured 

5.11 

Flow  instabilities  during  tests 

— 

5.12 

Additional  remarks 

— 

5.13 

References  describing  tests 

— 

’ 

MEASUREMENTS  AND  OBSERVATIONS 

6.1 

Steady  pressures  for  tho  mean  conditions 

- 

/ 

6.2 

Steady  pressures  for  small  changes  from 

f 

1 

- 

6.3 

Quasi-steady  pressures 

- 

6.4 

Unsteady  pressure* 

/ 

MEASUREMENTS  AND  OBSERVATIONS  (Continued) 

6.5  Steady  forces  for  the  mean  conditions 

6.6  Steady  forces  for  small  changes  from  the  mean  conditions 

6.7  Quasi-steady  forces 

6.8  Unsteady  forces 

6.9  Measurement  of  actual  motion  at  points  on  model 

6.10  Observation  or  measurement  of  boundary  layer  properties 

6.11  Visualization  of  surface  flow 

6.12  Visualization  of  shockwave  movements 

6. 13  Additional  remarks 


measured  directly 
integrated  pressures 
measured  directly 
integrated  pressures 
measured  directly 
integrated  pressures 
measured  directly 
integrated  pressures 


INSTRUMENTATION 

7.1  Steady  pressures 

7.1.1  Position  of  orifices  spanwise 
and  chordwise 

7.1.2  Type  of  measuring  system 

7.2  Unsteady  pressures 

7.2.1  Position  of  orifices  spanwise 
and  chordwise 

7.2.2  Diameter  of  orifices 

7.2.3  Type  of  measuring  system 

7.2.4  Type  of  transducers 

7.2.5  Principle  and  accuracy  of 
calibration 

7.3  Model  motion 

7.3.1  Method  of  measurement 

7.3.2  Accuracy 

7.4  Processing  of  unsteady  measurements 

7.4.1  Mothod  of  acquiring  and 
processing  measurements 

7.4.2  Typ«  of  analysis 

7.4.3  Unsteady  pressure  quantities 
obtained  and  accuracies 
achieved 

7.4.4  Method  of  integration  to 
obtain  forces 

7.5  Additional  remarks 

7.C  References  on  techniques 


Mid-span,  20  upper,  20  lower;  see  Table  2.5  for 
locations 

Pneumatic 

Mid-span,  20  upper,  20  lower,  see  Table  2.5  for 
locations 

1.02  mm  (0.040  in.) 

Strain-gauge-type  miniature  pressure  transducers 
installed  close  to  orifice  with  minimum  cavities. 

Kulite  model  XCQL-7A-093 . 

On-line  calibrations.  Up  to  2%  change  in  static 
sensitivity  before  and  after  run  allowed 


Motion  of  four  push-pull  rods  with  LVDT  (raactive- 
type)  transducers.  Phase  synchronism  checked  with 
wing-mounted  accelerometers 

~  J% 


Real-time  digitization  with  on-line  calibration  and 
diagnostics.  Signal  averaging  over  about  100  cycles 
to  suppress  random  noise  (if  present) .  variable 
sampling  time  adjusted  to  yield  60  data  points  por 
cycle. 

On-line  processing  for  frequency  contont  of  pressure 
distributions  and  comparisons  with  linear  theory 
and  other  data. 

Signal-avoraged  (essentially  instantaneous)  pres¬ 
sured  distributions.  Harmonic  analysis  of  prossure 
distributions. 

Numerical  quadratures  (see  Appendix  A  of  Ref.  2.1) 


Ref.  2.2 


DATA  PRESENTATION 

8.1  Test  cases  for  which  data  could  be 
made  available 

8.2  Test  cases  for  which  data  are 
included  in  this  document 

8.3  Stoady  pressures 

8.4  Quasi-steady  or  steady  perturbation 
pressures 

0.5  Unsteady  pressures 

8.6  Steady  forces  or  moments 


Tabloa  2.1  and  2.2 
Table  2.3 

Tables  2.5  to  2.14  and  2.17 
K/A 

Tables  2.5  to  2.14  and  2.16  to  2.18 
None 
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8  DATA  PRESENTATION  (Continued) 


8.7 

Quasi-steady  or  steady  perturbation 
forces 

N/A 

8.8 

Unsteady  forces  and  moments 

Tables  2.4  and  2.15 

8.9 

Other  forms  in  which  data  could  be 
made  available  if  required 

Magnetic  tape 

8.10 

References  giving  other  presenta¬ 
tions  Of  data 

Refs.  2.1  to  2.6 

9  COMMENTS  ON  DATA 
9.1  Accuracy 

9.1.1  Mach  number  +0.002 

9.1.2  Steady  incidence  ±0.05  deg. 

9.1.3  Reduced  frequency  ±0.005 

9.1.4  Steady  pressure  coefficients  1% 

9.1.5  Steady  pressure  derivatives  N/A 


9.1.6  Unsteady  pressure  coefficients 

9.2  Sensitivity  to  small  changes  of 
parameter 

9.3  Spanwlse  variations 

9.4  Nonlinearities 

9.5  Influence  of  tunnel  total  pressure 

9.6  Wall  interference  corrections 

9.7  Other  relevant  tests  on  same  model 

9.8  Relevant  tests  on  other  models  of 
nominally  the  same  aerofoil. 

9.9  Any  remarks  relevant  to  comparison 
between  experiment  and  theory 

9. 10  Additional  remarks 

9.11  References  on  discussion  of  data 

10  PERSONAL  CONTACT  FOR  FURTHER  INFORMATION 

Sanford  Davis,  Aerodynamics  Division,  NASA  J 


2% 

No  evidence  of  undta  sensitivity,  see  Figs.  2.2 
to  2 . 5 

Probably  small 

Depends  on  data  set 

Minimal  on  model  distortion 

No  corrections  made 

None 

None 

Ref.  2.4.  2.6 

P  fs.  2,1  to  2.6 


is  Raoearch  center,  Moffott  Field,  CA  94035 
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12  NOTATION  AND  EXPLANATION  OF  TABLES* 

GENERAL  NOTATION 

C,c  chord  of  airfoil,  m 

DI  dynamic  index,  data  identification  number 

f,FREQ  frequency,  Hz 

k,K  reduced  (nondimensional)  frequency,  ^ 

M  free-stream  Mach  number 

Re, RE  Reynolds  number  (based  on  chord) 

t  time,  s 

V  free-stream  velocity,  m/s 

X,x  distance  along  airfoil,  m 

x^/c  pitch  axis  position  relative  to  leading  edge 

a(t)  Instantaneous  incidence,  deg  (a  +  a  cos  ut) 

m  o 

«m  mean  incidence,  deg 

aQ  .  oscillatory  pitch  amplitude,  deg 

u  radian  frequency,  rad/s  (=2irf) 


TABLE  2.4 


L,ct 

CM,ct 


steady  lift,  +ve  up  [c^] 

steady  moment,  +ve  nose  up  about  0.25c  [c  ] 

m 

normalized  complex  amplitude  of  lift' coefficient,  +ve  up,  per  radian  lc'/a  +ic"/a  )] 

*  o  H  o 

normalized  complex  amplitude  of  moment  coefficient,  +ve  noseup,  about  0.25c,  per  radian 

(c'/a  +  ic"/a  ] 

mo  mo 


TABLES  2.5  to  2.14  and  2.17 

ALPHA  mean  incidence,  deg  [a  ] 

m 

PTOT  total  pressure,  N/m2  (P. ] 

2 

PINF  static  pressure,  N/m  (p^J 

QINF  dynamic  pressure,  N/m2  [q] 

CPU (CPL)  steady  upper  (lower)  surface  pressure  coefficient  [c  ] 

CPU, A  .  .  ... - 

(CPL, A)  per  radian  tc^/aQ  +  ic“/aQ 


normalized  complex  amplitude  of  upper  (lower)  surface  fundamental  frequency  pressure  coefficient. 


TABLE  2.15 

TAU  nondimensional  time  [t  «  2Vt/o] 

WT  phase  angle  re  aft)  futl 

max 

ALPHA  oscillatory  incidence  (a^  aos  ait] 

CL  UP  upper  surface  contribution  to  o^ 

CL  LO  lower  surface  contribution  to  c. 

1 

CL  instantaneous  lift  coefficient  (t) ) 

CLN*1  instantaneous  value  of  fundamental  fraqueney  congxmont  of  lift  coefficient 
CM  UP  upper  surface  contribution  to  o 

ra 

CM  10  lower  surface  contribution  to  c 

m 

CM  inetentancous  moment  coefficient,  +re  noseup,  about  0.25c  (c  (t!) 

tfV 

CMN«1  instantaneous  value  of  fundamental  frequency  component  of  aouumt  coefficient 
TABLES  2. 1C,  2.10 

PHASE  phase  angle  re  a(t)  (ut) 

DUX 

ALPHA  oscillatory  incidence  (ao  cos(ut)) 

CP  instantaneous  pressure  coefficient  (c  (t) ] 

P 


* 

Square-bracketed  quantities  indicate  standard  AuARD  notation. 
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TABLE  2.1.  DATA  BASE  FOR  NACA  64A010  AIRFOIL 


DI 

M 

V 

deg 

RexlO-6 

Motion 

f, 

Hz 

k 

1 

0.489 

0.03 

2.51 

Plunging  0.35  cm  (0.137  in.) 

5.0 

0.048 

2 

.489 

.01 

2.50 

Pitching  0.94  deg  about  xa/c  = 

0.236 

20.8 

.200 

3 

.488 

.00 

2.50 

Pitching  .95  deg  about  xa/c  = 

.512 

20.8 

.200 

4 

.489 

.01 

2.31 

Plunging  1.01  cm  (0.396  in.) 

20.8 

.200 

5 

.490 

-.01 

2.52 

Pitching  .96  deg  about  xa/c  = 

.507 

26.0 

.249 

6 

.490 

-.01 

2.52 

Pitching  .96  deg  about  x^/c  = 

.238 

15.7 

.151 

7 

.490 

-.01 

2.52 

Pitching  .96  deg  about  xa/c  = 

.233 

10.4 

.100 

8 

.490 

-.01 

2.52 

Pitching  .97  deg  about  xQ/c  = 

.230 

5.2 

.050 

9 

.490 

-.01 

2.52 

Pitching  1.01  deg  about  xa/c  = 

.224 

2.6 

.025 

10 

.490 

-.01 

2.52 

Pitching  1.98  deg  about  Xg/0  = 

.249 

5.2 

.050 

11 

.489 

.00 

2.51 

Pitching  1.45  deg  about  xq/c  = 

.250 

20.8 

.200 

12 

.802 

.00 

3.38 

Pitching  .94  deg  about  Xq/c  = 

.232 

33.2 

.200 

13 

.802 

.00 

3.38 

Pitching  1.27  deg  about  xa/c  = 

.431 

33.2 

.200 

14 

.797 

-.06 

3.39 

Plunging  .89  cm  (0.349  in.) 

33.1 

.201 

15 

.797 

-.06 

3.39 

Pitching  .95  deg  about  Xq/c  = 

.234 

41.3 

.250 

16 

.795 

.01 

6.67 

Pitching  .96  deg  about  Xjj/c  = 

.252 

33.3 

.201 

17 

.795 

.01 

6.67 

Pitching  .98  deg  about  Xq/c  = 

.501 

33.3 

.201 

18 

.795 

.01 

6.67 

Plunging  .38  cm  (0.346  in.) 

33.3 

.201 

19 

.795 

.01 

6.67 

Pitching  1.10  deg  about  x,j/c  = 

.505 

41.6 

.251 

20 

.497 

.04 

5.03 

Fitching  .01  deg  about  xa/c  = 

.046 

5.0 

.047 

21 

.497 

.04 

5.03 

Pitching  .99  deg  about  x^c  = 

.257 

21.3 

.201 

22 

.497 

.04 

5.03 

Pitching  1.07  deg  about  x^/c  = 

.504 

21.3 

.201 

23 

.497 

.04 

5.03 

Plunging  1.02  cm  (0.400  in.) 

21.3 

.201 

24 

1.074 

.00 

6.58 

Plunging  .44  cm  (0.173  in.) 

5.0 

.024 

25 

.497 

1.98 

5.00 

Plunging  .00  cm  (0.000  in.) 

5.0 

.047 

26 

.502 

-.22 

9.98 

Pitching  .00  deg  about  xn/c  = 

’.150 

5.0 

.046 

27 

.502 

-.22 

9.98 

Pitching  .24  deg  about  xa/c  = 

.234 

10.8 

.100 

28 

.502 

-.22 

9.98 

Pitching  .51  deg  about  xa/c  ■= 

.269 

10.8 

.100 

29 

.502 

-.22 

9.98 

Pitching  1.02  deg  about  xa/c  = 

.269 

10.8 

.100 

30 

.499 

-.21 

9.90 

Pitching  .26  deg  about  xa/c  = 

.277 

21.5 

.201 

31 

.499 

-.13 

9.89 

Pitching  .50  deg  about  xa/c  = 

.271 

21.5 

.200 

32 

.499 

-.13 

9.89 

Pitching  1.00  deg  about  xa/c  = 

.269 

21.5 

.200 

33 

.499 

-.13 

9.89 

Pitching  2.01  deg  about  Xq/c  ° 

.267 

21.5 

.200 

34 

.499 

-.13 

9.89 

Pitching  2.13  deg  about  xa/c  *■ 

.503 

21.5 

.200 

35 

.499 

-.13 

9.89 

Pitching  1.06  deg  about  xa/c  » 

.506 

21.5 

.200 

36 

.499 

-.13 

9.89 

Plunging  1.01  cm  (0.399  in.) 

21.5 

.200 

37 

.499 

-.13 

9.89 

Pitching  1.00  deg  about  xa/c  » 

.252 

26.9 

.251 

38 

.499 

-.13 

9.89 

Pitching  1.07  deg  about  x<j/c  » 

.506 

26.9 

.251 

39 

.499 

-.13 

9.89 

Pitching  1.00  deg  about  xa/c  * 

,250 

16.2 

.151 

40 

.499 

-.13 

9.89 

Plunging  1.01  cm  (0,396  in.) 

16.2 

.151 

41 

.499 

-.13 

9.89 

Plunging  1.02  cm  (0.401  in.) 

10.8 

.101 

42 

.499 

-.13 

9.89 

Plunging  1.03  cm  (0.405  in.) 

5.4 

.050 

43 

.499 

-.13 

9.89 

Pitching  1,02  deg  about  x^/c  ■ 

.248 

5.4 

.050 

44 

.499 

-.13 

9.89 

Pitching  2.04  deg  about  xa/c  » 

.245 

10.8 

.101 

<5 

.648 

-.22 

11.63 

Pitching  .97  deg  about  xa/c  » 

.249 

27.8 

.201 

46 

.744 

-.22 

12.31 

Pitching  1.01  deg  about  x^/c  « 

.248 

32.0 

.201 

47 

.796 

-.21 

12. 56 

Pitching  .30  deg  about  xn/c  » 

.202 

17.1 

.101 

48 

.796 

-.21 

12. 56 

Pitching  .25  deg  about  x^/c  « 

.234 

34.2 

.201 

49 

.796 

-.21 

12.56 

Pitching  .51  deg  about  xa/c  « 

.247 

17.1 

.101 

SO 

.7% 

-.21 

12.56 

Pitching  ,50  dog  about  x<,/c  » 

.248 

34.2 

.201 

SI 

.796 

-.21 

12.56 

Pitching  1.03  deg  about  xu/c  • 

.249 

4.2 

.025 

52 

.796 

-.21 

12.56 

Pitching  1.02  dag  about  xa/c  * 

.246 

8.6 

.051 

S3 

.796 

-.21 

12.56 

Pitching  1.02  deg  about  xa/c  ■ 

.248 

17.2 

.101 

S4 

.796 

-.21 

12.56 

Pitching  1.01  deg  about  xa/e  ■ 

.254 

25.7 

.151 

55 

.796 

-.21 

12.56 

Pitching  1.01  deg  about  x^/c  » 

.248 

34.4 

.202 

56 

.796 

-.21 

12.56 

Pitching  1.02  deg  about  xa/c  » 

.248 

42.0 

.247 

57 

.796 

-.21 

12.56 

Pitching  .99  deg  about  xa/c  - 

.2S2 

51.5 

.303 

58 

.796 

-.21 

12.56 

Pitching  1.08  deg  about  x(|/c  » 

.502 

42.9 

.252 

59 

.796 

-.21 

12.  S6 

Pitching  1.09  deg  about  xa/c  « 

.500 

34.4 

.202 

60 

.7% 

-.21 

12.56 

Pitching  1.08  deg  about  x„/c  » 

.502 

17.2 

.101 

61 

.796 

-.21 

12.56 

Pitching  1.09  deg  about  x,,/c  » 

.501 

6.6 

.051 

62 

.796 

-.21 

12.56 

Pitching  1.12  deg  about  Xq/c  - 

.499 

4.3 

.025 

63 

.797 

-.08 

12.40 

Pitching  1.95  deg  about  xa/c  » 

.471 

34.3 

.201 

64 

.797 

-.08 

12.40 

Pitching  1.94  deg  about  x^/o  ■ 

.231 

34.3 

.201 

65 

.797 

-.08 

12.40 

Pitching  2.00  deg  about  xQ/c  « 

.239 

17.2 

.101 

66 

.797 

-.08 

12.40 

Plun  in g  1.01  cm  (0.396  in.) 

34.3 

.201 

67 

.797 

-.08 

12.40 

Plung'  ,g  1.02  cm  (0.401  in.) 

25.8 

.151 

68 

.797 

-.08 

12.40 

Plunging  l  c*  (0.400  in.) 

17.4 

.102 

69 

.797 

-.08 

12.40 

VAunging  1.0  cm  <0.400  in.) 

8.6 

.050 

70 

.797 

-.08 

t.2.40 

Plu-.  Vng  1.04  cm  (0,409  in.) 

4.3 

.025 

71 

.842 

.00 

12.45 

Pitching  ' .01  deg  about  x„/n  » 

.248 

36.4 

.202 

72 

.842 

-.22 

12. 1 3 

Pitching  1.91  deg  about  x^/c  • 

.247 

36.5 

.202 

73 

.805 

-.00 

3w- 

Pice  ting  1.01  deg  about  *3/0  « 

.247 

25.1 

.149 

74 

.805 

-.00 

3.34 

PvL  Ing  .44  cm  (0.173  in.) 

5.0 

.030 

75 

.80S 

-.00 

3.34 

7 itching  1.02  deg  about  Xq/c  ■ 

.248 

8.3 

.049 

TABLE  2.1.  Continued 


DI 

M 

Oia* 

deg 

Rexio-6 

Motion 

f, 

Hz 

k 

76 

0.805 

0.00 

3.34 

Pitching  2.03  deg  about  x^/c 

*=  o 

.248 

8.3 

0.049 

77 

.805 

.00 

3.34 

Pitching  2.00  deg  about  xa/c 

= 

.248 

33.3 

.198 

78 

.794 

.08 

12.40 

Pitching  .64  dog  about  x^/c 

= 

.328 

10.0 

.059 

79 

.782 

4.00 

12.01 

Pitching  .25  deg  about  xa/c 

.232 

17.3 

.102 

80 

.782 

4.00 

12.01 

Pitching  .25  deg  about  x^/c 

= 

.229 

34.7 

.205 

81 

.782 

4.00 

12.01 

Pitching  .51  deg  about  xa/c 

= 

.244 

17.4 

.103 

82 

.792 

3.93 

6.15 

Pitching  1.01  deg  about  x^/c 

= 

.247 

34.3 

.203 

83 

.793 

4.01 

6.18 

Pitching  1.02  deg  about  x^/c 

= 

.248 

34.2 

.202 

84 

.789 

4.00 

11.88 

Pitching  .51  deg  about  x^/c 

.234 

34.9 

.203 

85 

.789 

4.00 

11.88 

Pitching  1.04  deg  about  Xg/c 

= 

.246 

4.4 

.026 

86 

.789 

4.00 

11.88 

Pitching  1.03  deg  about  Xcu'o 

=* 

.246 

8.8 

.051 

87 

.789 

4.00 

11.88 

Pitching  1.02  deg  about  x<j/c 

= 

.248 

17.5 

.102 

88 

.789 

4.00 

11.88 

Pitching  1.01  deg  about  Xq/c 

=3 

.247 

26.3 

.153 

89 

.789 

4.00 

11.88 

Pitching  1.01  deg  about  xa /c 

* 

.249 

35.1 

.204 

90 

.789 

4.00 

11.88 

Pitching  1.01  deg  about  xa/c 

= 

.248 

43.9 

.255 

91 

.789 

4.00 

11.88 

Pitching  1.00  deg  about  x^/c 

e 

.248 

52.7 

.306 

92 

.789 

4.00 

11.88 

Pitching  1.08  deg  about  xq/c 

*= 

.499 

35.2 

.205 

93 

.789 

4.00 

11.88 

Plunging  .84  cm  (0.330  in.) 

35.2 

.205 

94 

.789 

4.00 

11.88 

Pitching  1.08  deg  about  Xg/c 

ta 

.501 

44.0 

.256 

95 

.789 

4.00 

11.88 

Pitching  2.00  deg  about  xa/c 

ta 

.245 

17.6 

.102 

96 

.741 

4.03 

11.22 

Pitching  1.02  deg  about  xa/c 

m 

.246 

35.2 

.215 

97 

.642 

3.99 

10.60 

Pitching  1.01  deg  about  x^/c 

m 

.247 

28.8 

.203 

98 

.504 

4.00 

10.20 

Pitching  1.02  deg  about  xa/c 

SS 

.249 

22.2 

.199 

99 

.506 

3.99 

9.45 

Pitching  1.09  dog  about  Xn/c 

= 

.499 

22.0 

.198 

100 

.506 

3.99 

9.45 

Plunging  1.01  cm  (0.397  in.) 

22.0 

.138 

101 

.506 

3.99 

9.45 

Pitching  1.09  deg  about  xa/c 

m 

.302 

27.5 

.247 

102 

.506 

3.99 

9.45 

Pitching  2.14  deg  about  xa/c 

« a 

.502 

27.5 

.247 

103 

.790 

4.00 

11.72 

Pitching  2.01  deg  about  xa/c 

.243 

35.0 

.203 

104 

.503 

4.00 

4.94 

Pitching  1.01  deg  about  x^/c 

- 

.245 

21.6 

.199 

105 

.503 

4.00 

4.94 

Pitching  1.09  deg  about  xa/c 

xa 

.499 

21.6 

.199 

106 

.503 

4.00 

4.94 

Plunging  1.02  cm  (0.401  in.) 

21.6 

.199 

107 

.503 

4.00 

4.94 

Pitching  1.08  deg  about  xa/'c 

.502 

26.9 

.248 

108 

.642 

3.78 

5.92 

Pitching  1.02  deg  about  x^/c 

m 

.250 

27.6 

.203 

109 

.747 

3.89 

6.36 

Pitching  1.02  deg  about  xa/c 

■ 

.247 

31.0 

.197 

110 

.797 

4.01 

6.30 

Pitching  1.09  deg  about  x„/c 

PC 

.500 

33.5 

.201 

111 

.797 

4.01 

6.50 

Plunging  1.01  cm  (0.398  in.) 

33, S 

.201 

112 

.797 

4.01 

6.50 

Pitching  1.08  deg  about  xa/o 

■ 

.502 

42.0 

.252 

113 

.848 

3.89 

6.59 

Pitching  1.01  deg  about  xa/o 

■ 

.248 

35.5 

.201 

114 

.840 

3.79 

12.39 

Pitching  1.01  deg  about  xa/c 

m 

.248 

36.3 

.202 

TABLE  2.2.  DATA  BASE  FOR  NACA  64A010  AIRFOIL,  PITCHING  OSCILLATION 
ABOUT  0.25c  NOMINAL,  ARRANGED  IN  FREQUENCY  SHEEPS 


M 

am, 

deg 

Re*10"6 

t»o 

deg 

k  <•  0.025 

k  -  0.05 

k  -  0.10 

k  -  0.15 

k  «  0.20 

k  -  0.25 

k  -  0.30 

Type  of 
Flow 

0.50 

0.0 

10 

10.25 

27 

30 

.50 

0.0 

10 

10.50 

28 

31 

.50 

0.0 

2.5 

11 

9 

8 

7 

6 

2 

Subsonic 

.50 

0.0 

5 

11 

21 

.50 

0.0 

10 

11 

43 

29 

39 

32 

37 

.50 

0.0 

2.5 

12 

10 

11 

.50 

0.0 

10 

12 

44 

33 

.65 

0.0 

11.6 

11 

45 

.75 

0.0 

12.3 

11 

46 

T0o" 

0.0 

— 571 

Tt — 

W 

12 

.15 ' 

.80 

0.0 

12.5 

10.25 

48 

.80 

0.0 

12.5 

10.50 

78 

49 

50 

Transonic 

.80 

0.0 

6.7 

11 

16 

weak  shock 

.80 

0.0 

12.6 

11 

51 

52 

53 

54 

55 

56 

S7 

.80 

0.0 

12.4 

12 

65 

64 

.85 

0.0 

12.4 

11 

72 

.50 

4.0 

4.9 

11 

104 

Subsonic 

.50 

4.0 

10.2 

11 

98 

.65 

4.0 

5.9 

11 

100 

.65 

4.0 

10.6 

11 

97 

.75 

4.0 

6.4 

11 

109 

.75 

4.0 

KTPnHp 

11 

96  ..  .  . 

.80 

4.0 

12 

10.2S 

79 

80 

.80 

4.0 

12 

10.50 

81 

84 

.80 

4.0 

6.2 

13 

82 

Transonic 

.80 

4.0 

11.9 

11 

85 

86 

87 

08 

89 

90 

91 

•hock  stall 

.80 

4.0 

11.9 

12 

95 

103 

.85 

4.0 

6.6 

11 

113 

TABLE  2.3.  SELECTED  NASA  AMES  TEST  DATA  ASSOCIATED  WITH 
AGARD  CT  CASES  AND  THE  SHOCK  STALL  CASE  (SSC) 


CT  Case 

DX 

M 

a 

m 

Rex 10“ 6 

ao 

f 

k 

x<,/c 

I 

7 

0.490 

-0.01 

2.52 

0.96 

10.4 

0.100 

0.233 

2 

29 

0.502 

-0.22 

9.98 

1.02 

10.8 

0.100 

0.269 

3 

51 

0.796 

-0.21 

12.56 

1,03 

4.2 

0.025 

0.249 

4 

52 

0.796 

-0.21 

12.56 

1.02 

8.6 

0.051 

0.246 

5 

53 

0.796 

-0.21 

12.56 

1.02 

17.2 

0.101 

0.248 

6 

55 

0.796 

-0.21 

12.56 

1.01 

34.4 

0.202 

0.248 

7 

57 

0.796 

-0.21 

12.56 

0.99 

51.5 

0.303 

0.252 

8 

49 

0.796 

-0.21 

12.56 

0.51 

12.1 

0.101 

0.247 

9 

65 

0.797 

-0.08 

12.40 

2.00 

17.2 

0.101 

0.239 

10 

12 

0.802 

0.00 

3.38 

0.94 

33.2 

0.200 

0.232 

SSC 

89 

0.789 

4.00 

11.88 

1.01 

35.1 

0.204 

0.249 

TABLE  2.4.  STEADY  AND  FUNDAMENTAL  FREQUENCY  LIFT  AND 
MOMENT  DATA  FOE  SELECTED  CASES 


Steady 

Data 

Case 

DI 

cl 

Cm 

cL,a 

CM, a 

CT1 

7 

0.006 

-0.002 

6.139  -  1.1491 

0.165  -  0.1631 

CT2 

29 

0.016 

0.031 

6.  163  -  1.0361 

0.167  -  0.2011 

CT3 

51 

-0.029 

-0.003 

9.316  -  1.3781 

0.000  -  0.1021 

CT4 

52 

-0.029 

-0.003 

8.622  -  2.4791 

-0.005  -  0.2321 

CT5 

53 

-0.029 

-0.003 

6.790  -  3.3871 

-0.061  -  0.3881 

CT6 

55 

-0.029 

-0.003 

4.887  -  2.5211 

-0.189  -  0.653i 

CT7 

57 

-0.029 

-0.003 

4.635  -  .9051 

-0.374  -  1.0231 

CT8 

49 

-0.029 

-0.003 

6.795  -  3.4031 

-0.195  -  0.3141 

CT9 

65 

-0.018 

-0.002 

6.141  -  3.1131 

-0.239  -  0.3021 

CT10 

12 

0.009 

-0.002 

5.308  -  2.47U 

-0.384  -  0.5461 

SSC 

89 

0.531 

0.001 

9.349  -  0.406i 

-2.068  +  0.1981 

TABLE  2.5.  MEAN  AND  FUNDAMENTAL  FREQUENCY  PRESSURE  DATA 
FOR  AGARD  CT  CASE  NO.  lj  DYNAMIC  JNDEX  7 


V>«  HOOCL  NIC*  S**0I0.  CMCmO-  MO  HC'tGS 


UttCHOTION  PITCMIN6  90  MO  »00UT  «'C*  2JJ 


0»UNIC  IKE*  7  Vine  IKE*  ) 


H  *M 

«.(«*  •  01 
at  2  sic  oo 


(OHI  *  100 

»M0  WtQ  10  * 

mu 


■um»  w»*a- 


'LMI  iutfill- 


0*1* 


tfttt(*or  o*i* 


*/: 

CPU 

tK 

KK 

IH*C 

*4U 

l/C 

CPU 

«/c 

•EM. 

ISM 

HAC 

*«*« 

ojo 

•  >M 

OJJ 

•H  T?3 

J  CO 

13  ill 

141  <0 

043 

■  IN 

000 

to* 

.  I» 

«J* 

•l»  S3 

m 

•  IM 

OM 

*4 

2  IM 

1  140 

IM  13 

013 

■  it* 

05* 

II  SM 

•  >  •»♦ 

11  *0* 

•O  M 

Ml 

•  Jl* 

0*1 

•T  3*3 

1  »H 

3  V7 

if  M 

14} 

•  23* 

CM 

f  W 

*2  m 

t  m 

•IJ  23 

;*} 

•  H» 

.1*0 

*4  434 

1  IK 

4  MO 

*43  H 

IM 

•  H* 

,#S* 

t 

>1  *w 

s  **» 

>11  SI 

jn 

•  »i 

30* 

•4  o n 

JH 

4  ICO 

lit  13 

344 

■  J*0 

1*1 

«  **0 

•1  04* 

S  *33 

•10  IS 

JO 

•  2M 

20 

•4  m 

IJI 

4  3M 

1*0  U 

393 

•  50* 

JOO 

<  wo 

•  ni 

*  in 

•*  M 

»j 

•  JO 

«* 

*3  Ml 

«*« 

3  401 

It*  14 

341 

•  JO* 

JO 

J  Vi 

*  HI 

*  OH 

-10  J» 

Ml 

•  JM 

*02 

•3  3*4 

MO 

0  X* 

141  M 

343 

•  5IJ 

j*i 

4  0*2 

•  *22 

4  0(* 

•S  N 

440 

•  Jl* 

4*0 

*1  M 

*JJ 

2  (*« 

<43  33 

440 

•  JO 

j*i 

1  M* 

•  JM 

1  **• 

•U  S3 

*•> 

•  2M 

*1  If* 

•  3* 

i  m 

ill  t* 

4*) 

•  MJ 

'  .JM 

J  OJ 

•  OH 

J  04 

*1  0» 

SJF 

•  HI 

SM 

*  m 

Ml 

5*4 

143  it 

433 

•  2JF 

4*1 

1 «» 

•  JM 

■  tH 

•  11  24 

MS 

-  if> 

M* 

*1  444 

OJJ 

1  Ml 

l?t  34 

M3 

•  IM 

4*0 

1  III 

•  **» 

<  O* 

•2*  12 

*1* 

•  i*J 

«JJ 

•  1  413 

04* 

1  414 

•m  M 

434 

•  !« 

*55 

I  M* 

•  H) 

1  IM 

•2*  I* 

M3 

•  lit 

U2 

•1  6*t 

0t» 

1  034 

iff  H 

•34 

■  II* 

MJ 

l  *** 

HJ 

i  JM 

10  02 

3JJ 

•  ots 

FJJ 

*  MO 

•  IJJ 

til 

♦133  33 

•  Mf 

•Jl 

1  ISO 

2** 

1  M 

•  *4 

m 

•  WO 

Ml 

*  W3 

•  O* 

*141  01 

•  0J2 

W 

1  J22 

u» 

1  JJI 

•  41 

»> 

010 

131 

•  3ffl 

•  OH 

3  n 

MM  31 

•33 

OO 

*JJ 

1  OH 

•*i 

1  0»» 

•  w 

«* 

OSJ 

•32 

-  MO 

•  id 

M3 

*143  M 

Ml 

M* 

5*1 

Hi 

!•« 

JH 

II  •* 

«* 

0*0 

•41 

•  III 

•  04* 

1*1 

*'M  30 

Mi 

ll« 

•Jl 

M 

0(0 

HO 

4  S3 

Mt 

*JJ 

13*5 

4U 

IF  N 

«JJ 

OH 

IM 

20  J* 
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TABLE  2,6.  MEAN  AND  FUNDAMENTAL  FREQUENCY  PRESSURE  DATA 
FOR  AGARD  CT  CASE  NO.  2}  DYNAMIC  INDEX  29 

WING  HOCEL ■  NACA  64A010.  CHORD*  500  METERS 


% 

.f 


WING  MOTION  PITCHING  I  02  OEG  ABOUT  X/C»  269 
OTNAHiC  INDEX  29  STATIC  INOEX  24 


i 

4 


M  .50?  PTOT  203152  K  100 

ALPHA  -  22  OINT  30199  FfiEG  10  8  3 

RE  t  0C£  07  PINT  171000  1 


UPPER  SURFACE .  . LOWER  SURFACE 


STEAOY  OATA  UNSTEADY  OATA  STEADY  OATA  UNSTEAOY  DATA  .) 


x/c 

CPU- 

CPU 

X/C 

REAL 

---CPU. A* 

1HAG 

.... 

MAG 

PHASE 

X/C 

CPL- 

CPL 

X/C 

REAL 

•—CPL. A- 
1  HAG 

MAG 

PHASE 

030 

136 

033  • 

>10  116 

2.659 

10 

459 

165  29 

032 

034 

034 

It  019 

•2  959 

11.410 

•15  03 

091 

.177 

052 

•7  608 

1  994 

7 

865 

165  33 

093 

142 

.054 

9  351 

•2  296 

9  629 

•13  00 

• 

.  142 

223 

09t 

-6  377 

1  434 

6 

536 

W.7  34 

.142 

227 

094 

6  781 

-1  585 

6  964 

•13  16 

211 

253 

.140 

-5  231 

1  181 

5 

362 

67  26 

.199 

246 

.141 

5  469 

•  I  172 

5  593 

•12  10 

243 

265 

.209 

•4.369 

.791 

4 

440 

169  75 

244 

289 

.200 

4  541 

-.837 

4  617 

•10  45 

■'t 

.292 

287 

.243 

-<  026 

679 

4 

083 

170  44 

293 

296 

243 

4  075 

-  692 

4  133 

•9  65 

A 

.341 

30* 

294 

-3  810 

576 

3 

853 

171  4t 

34! 

265 

.293 

3.177 

-  500 

3.216 

•8  94 

•*'i 

399 

309 

402 

*3  165 

.364 

3 

186 

173  45 

393 

294 

.341 

3.099 

•  367 

3  133 

•7  n 

\ 

440 

300 

440 

•2  383 

226 

2 

395 

174  60 

440 

306 

394 

2.647 

-  275 

2  662 

•5  94 

>» 

407 

263 

468 

-2  020 

109 

2 

023 

176  93 

490 

276 

441 

2  387 

•  164 

2  393 

•3  94 

537 

226 

538 

•  1  723 

023 

1 

723 

179  25 

537 

223 

.490 

2  OH 

•  080 

2.015 

•a  » 

.585 

190 

.504 

•1  385 

•  027 

t 

385 

•ITS  90 

583 

163 

582 

!  434 

.033 

I  434 

1  32 

634 

137 

633 

•1  186 

-  077 

1 

190 

•176  32 

625 

.146 

SJl 

1  203 

062 

1.204 

2  95 

V 

602 

.  i  14 

632 

•  977 

•  106 

963 

•173  72 

679 

111 

.676 

979 

.112 

986 

6  50 

733 

061 

733 

-  814 

-  137 

825 

•170  48 

734 

067 

.733 

.759 

121 

.769 

9  09 

1 

627 

016 

7*1 

•  613 

•  160 

•34 

•165  39 

789 

016 

781 

597 

127 

.611 

n  oa 

874 

055 

629 

•  562 

-.170 

587 

•183  15 

832 

016 

831 

410 

.125 

.430 

17  37 

i 

924 

091 

872 

.  333 

•  148 

365 

•  156  06 

866 

077 

886 

316 

no 

335 

19  15 

.? 

941 

•  097 

-  110 

.147 

•ui  n 

941 

121 

823 

.176 

.037 

-  IPS 

25  95 

% 

% 


TABLE  2.7.  MEAN  AND  FUNDAMENTAL  FREQUENCY  PRESSURE  DATA 

FOR  AOARD  CT  CASE  NO.  3;  DYNAMIC  INDEX  51  f 

SUNS  H00CU-  NACA  3AAOIO.  OCRS).  500  NCTCRS 

•  INC  NOTION  PUCMINT,  I  OJ  OEO  ABOUT  «/C>  HI  f 

4 

OTNAHIC  IrtM  51  STATIC  l«l  30 

H  733  PTOT  303331  K  015 

M.PHA  -II  01 W  33)31  r«g  4  J 

BE  I  JOE  01  PUS  IJ3H3  i 


■ . IPKHWPId .  . LMIMirut . 

STtAOT  CAT.  UNITE  ACT  OATA  itCUJT  OATA  U**T«>»  OATA 


....CPU .  . ...CPU  A . ■••••  ••••C*. .  . >.*.*• 


»>C 

CPU 

T/C 

BEAU 

IRAC 

iuc 

7HIII 

x/C 

CPL 

»7C 

BEAU 

IMS 

tuo 

P***SE 

0» 

•  033 

033 

.10  *10 

1  MO 

10  914 

133  33 

05) 

»  207 

OX 

13  10) 

•3  333 

13  333 

•I.-  M 

0»t 

•  133 

M3 

•3  HI 

1  TOO 

♦  909 

170  03 

09) 

•  179 

03* 

10  371 

•  1  330 

10  3*0 

•id  i't 

143 

•  333 

Ml 

■1  333 

1  47f 

1  (5) 

170  17 

U2 

•  )I6 

03* 

3  373 

.1  107 

•  371 

••0  33 

31 1 

■  373 

1*0 

•7  ISO 

1  4JJ 

7  714 

133  31 

199 

•  )20 

1*1 

•  OM 

•  1  310 

•  3)7 

•10  37 

3*3 

•  *13 

303 

•3  11} 

1  192 

6  919 

114  03 

244 

•  457 

300 

7  (OS 

•  1  371 

I  3)1 

•10  *1 

333 

•  *31 

3*3 

■3  313 

»  229 

7  020 

133  3) 

29) 

•  900 

3*3 

•  33) 

.1  II) 

•  331 

•10  0) 

XI 

•  W* 

33* 

■3  7)3 

1  247 

6  646 

133  37 

241 

•  9 » 

331 

3  334 

•  Ml 

3  3*3 

•10  M 

3*3 

•  333 

*03 

>3  303 

1  440 

•  »7 

170  03 

m 

•  629 

XI 

3  X3 

•  1  143 

1  **3 

•It  37 

**0 

•  733 

**0 

.|  117 

1  477 

•  642 

170  *0 

440 

•  71) 

33* 

3  13* 

•  1  117 

1  73* 

•<0  33 

*37 

•  83* 

<33 

•I*  333 

2  t)1 

14  676 

171  37 

4  90 

■  777 

*30 

1)  771 

•3  333 

1)  M7 

•1  33 

33? 

•  333 

333 

•3  334 

•  12) 

2  659 

•  177  » 

5)7 

•  >W 

HJ 

731 

3)3 

W 

33  73 

SSI 

•  3SS 

S3* 

M3 

•  M> 

1  06 

•J3  » 

58) 

•  259 

3)1 

•  303 

*03 

SO) 

•  S3  33 

33* 

•  HI 

•33 

3)7 

•  m 

9>5 

>*3  13 

625 

•  196 

373 

•  m 

XI 

W) 

177  JO 

03 

•  133 

73) 

•  OH 

•  29) 

29* 

•100  73 

679 

*  1)7 

7)3 

•  m 

37) 

»> 

IM  X 

*33 

■  031 

731 

033 

•  227 

226 

•IS  *c 

7)4 

*  070 

731 

.  177 

303 

37) 

130  *1 

337 

0*1 

333 

033 

*  210 

229 

.*»  41 

799 

*  006 

•)• 

•  M3 

IM 

XS 

133  M 

374 

033 

373 

>03 

•  >44 

190 

•37  07 

t!) 

04) 

•33 

•  313 

I’t 

3*3 

•SI  33 

334 

1*1 

Ml 

0*3 

•  0*0 

092 

■30  37 

6M 

ID 

3)3 

•  III 

033 

173 

133  30 

941 

no 

■i 

$ 


4 


TABLE  2.8.  MEAN  AND  FUNDAMENTAL  FREQUENCY  PRESSURE  DATA 
FOR  AGARD  CT  CASE  NO.  4;  DYNAMIC  INDEX  52 


WING  HOCtl  NACA  64A010.  CHORD*  500  HETEP$ 


WING  MOTION  PITCHING  1  02  KG  A  BOOT  X/C*  246 

DYNAMIC  INDEX  52  STATIC  INDEX  30 

M  706  PTOT  203321  K 

ALPHA  -21  Qlff  59305  FREQ 

RE  t  30E  07  PITT  133912 


•UPPER  SURFACE 


STEAQY  DATA  UNSTEADY  DATA 


X/C 

CPU- 

CPU 

X/C 

REAL 

—  -CPU. A* 

IHAG 

MAG 

ox 

006 

033 

-9  518 

3  334 

10  086 

091 

193 

.052 

•8  569 

2  979 

9  091 

142 

292 

091 

•7  723 

2  634 

3  160 

2M 

378 

140 

-6  821 

2  449 

7  247 

.243 

418 

209 

-6  132 

2  094 

6  400 

292 

481 

243 

-6  282 

2  192 

6  654 

341 

544 

294 

-6  270 

2  245 

6  660 

399 

635 

402 

.7  275 

2  494 

7  690 

440 

703 

440 

•7  936 

2  640 

8  366 

4?7 

594 

488 

•13  828 

3  754 

U  328 

537 

322 

538 

•2  389 

•  208 

2  396 

505 

250 

504 

060 

•1  073 

1  378 

634 

101 

633 

153 

•  717 

733 

602 

132 

733 

*  lit 

•  473 

486 

733 

061 

701 

-  009 

•  396 

396 

627 

041 

829 

033 

•  376 

377 

874 

092 

872 

003 

•  284 

296 

924 

141 

941 

031 

.  117 

121 

0S1 

0  6 


PHASE 

160  71 
160  80 

161  10 
160  26 
16)  16 
160  76 

160  3! 

161  09 
161  56 
164  82 
175  03 
•51  30 
•77  97 
103  25 
•91  26 
•04  95 
•73  78 

•75  05 


•LOWER  SURFACE 


STEADY  DATA 

UNSTEADY  OATA 

x/c 

CPU 

X/C 

REAL 

IHAG 

HAG 

PHASE 

053 

207 

034 

10  999 

•3  944 

ll  685 

•19  73 

093 

175 

054 

9  266 

•3  301 

9  856 

-19  57 

142 

316 

.094 

7  994 

-2  835 

8  48t 

•19  53 

199 

320 

141 

7  267 

*2  615 

7  723 

•19  79 

244 

457 

200 

6  540 

•2  340 

6  946 

•19  69 

293 

500 

243 

5  766 

.1  987 

6  099 

•l*  Ol 

341 

536 

293 

4  803 

•1  754 

5  117 

•20  04 

393 

629 

34t 

5  825 

•2  031 

0  169 

•19  22 

440 

7>3 

.391 

5  638 

•1  968 

5  972 

•  19  24 

490 

777 

490 

13  385 

•3  652 

13  674 

•15  26 

537 

334 

582 

675 

59» 

897 

41  19 

M3 

255 

<31 

•  272 

746 

794 

no  07 

625 

198 

678 

•  368 

681 

771 

118  35 

679 

• 

13? 

733 

•  225 

5»4 

561 

113  70 

734 

• 

070 

781 

•  i« 

390 

424 

113  31 

789 

• 

005 

831 

•  275 

363 

455 

127  16 

032 

043 

880 

•  206 

244 

3»9 

130  22 

666 

113 

923 

•  147 

IX 

156 

133  40 

841 

t70 

TABLE  2.9.  MEAN  AND  FUNDAMENTAL  FREQUENCY  PRESSURE  DATA 
FOR  AGARD  CT  CASE  NO.  5i  DYNAMIC  INDEX  53 


Wi:*  MODEL'  HACA  64*010.  OOE>»  500  NEW* 

VU6  HOT  191  PITCHING  »  02  OEG  a*)UT  x/C*  248 

DYNAMIC  IKXI  53  STATIC  INDEX  30 

H  796  PTOT  203321  it  1QI 

ALMA  .  21  QIMT  <5)95  rOCQ  IT  2 

l  )0C  09  PINT  133913 


■UPPER  SU^ACE . . . . .  . . . LOWE*  UJ*ACE 


tT(A0Y  OAT  A 

LNiHAO*  0*TA 

tSMO*  Dill 

OOTCAOY  OAT* 

X/C 

C*> 

*/c 

•CM. 

IHAG 

HAG 

*W« 

i/C 

t/e 

true 

iuc 

030 

OH 

033 

•  7  0I« 

4  §42 

«  MS 

145  » 

M? 

NS 

01* 

1  tv. 

•f  '** 

10  0* 

•It  It 

061 

\n 

052 

•6  XT 

4  *7 

7  134 

145  45 

063 

176 

054 

•  N4 

*4  t43 

*  i»i 

•34  66 

142 

i*i 

051 

*6  Hi 

3  M 

•  972 

146  8} 

142 

316 

064 

t  *4) 

*4  122 

S  IH 

•  34  T5 

III 

378 

UO 

■8  «S 

I  Ml 

•  160 

10  06 

HI 

3X> 

III 

*  H 

.»  S14 

6  574 

*34  U 

30  • 

«ii 

»* 

*4  625 

I  i» 

*  Ml 

145  §6 

2*4 

*57 

NO 

%  347 

•I  *11 

»  x» 

•33  2* 

»i  • 

411 

243 

•  4  724 

I  X! 

*  ») 

1*5  21 

?t) 

600 

24> 

4  m 

•3  <23 

5  5*0 

*34  32 

341 

*44 

264 

.4  650 

I  XI 

»  SO? 

144  |4 

Ml 

lit 

it? 

I  US 

•1  tot 

4  4|| 

•»  *i 

m 

*» 

*0! 

»  Itt 

1  *1) 

»  S*4 

146  21 

»* 

626 

Ml 

4  466 

•I  to 

5  3*8 

•I)  34 

440 

703 

440 

•*  It* 

1  »» 

»  )* 

lil  *1 

440 

IS* 

*4 

«  IH 

»l 

*  0)1 

•  32  64 

*•? 

m 

4M 

•13  060 

1  MI 

1)  it) 

153  71 

<M 

777 

IH 

II  *4* 

.4  467 

13  764 

•20  63 

»>»  * 

HI 

5* 

•1  601 

*  6M 

I  901 

•  HI  4? 

MS 

334 

MI 

Ui 

1  M* 

I  *14 

TO  M 

5*5 

H4 

w 

3*4 

•1  *0* 

1  *0 

•  tf  *0 

563 

it* 

•II 

■  i« 

1  *04 

1  41] 

M  I) 

*x 

It) 

•i) 

•  i« 

•1  IS* 

1  t«t 

•W  1) 

*» 

it* 

ts* 

-  XM 

1  2QI 

1  ]*• 

H  66 

MI 

IH 

SI) 

•  i» 

*  HI 

m 

• *07  13 

*s« 

137 

m 

•  1*0 

6(5 

«? 

*6  26 

711 

0*1 

•  »> 

.  a* 

*»t 

•88  34 

734 

os« 

s*l 

•  117 

?» 

7*4 

ft  06 

•is 

041 

*» 

•  on 

.  «*} 

662 

•*»  0* 

Stt 

006 

•31 

•  m 

it* 

so* 

MO  *2 

0*1 

*S1 

•  00* 

•  45t 

»tt 

•»»  00 

*u 

04) 

*M 

*  174 

•  S) 

«l 

MO  2* 

*1* 

141 

0*1 

0i» 

•  m 

IS* 

-MOI 

M4 

Ml 

•  167 

274 

3M 

M«  17 

641 

IK 

* 

A 

y  * 
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TABLE  2.10.  MEAN  AND  FUNDAMENTAL  FREQUENCY  PRESSURE  DATA 
FOR  AGARD  CT  CASE  NO.  6f  DYNAMIC  INDEX  55 


VIW3  HOCEl.  ■  NACA  6AA0I0.  CHOfiO*  500  HI  TEAS 


TABLE  2.11.  MEAN  AND  FUNDAMENTAL  .FREQUENCY  PRESSURE  DATA 
FOR  AGARD  CT  CASE  NO.  7j  DYNAMIC  INDEX  57 


vn*  howl  h«a  i«tcio  cx«).  we  *.n«% 

wvl  P1TCW1IC  HKiWuP  m 

0«4WIC  !■««  if  t«t'fl{  !A««  » 

«  WS  »'9f  WJJf  *  301 

»!»*«  •  j!  o>»»  nm  mm  ii  % 

«t  two*  »'«  trow 


sm*  uutm 


•COW*  WK(. 


&tA0«  OAtA 


tMItO*  CAfA 


UtAO  f  CAfA 


iMtUCH  Da  ft 


WING  MOTION 

PITCHING 

1  01  oec  ABOUT  X/C. 

248 

OfNAHIC  IKE* 

55  STATIC  INOCX  30 

M 

796 

PTOT 

203321 

K 

202 

ALPHA 

-  2! 

QINP 

59395 

FREQ 

34  4 

**  l 

30G  07 

PINT 

133912 

S^AOT  OATA 

UNSTEADY  OATA 

STEADY  OATA 

UNSTEADY  OATA 

1 

.. 

X/C 

CPU 

X/C 

real 

IHAO 

HAG 

PHASE 

X/C 

CPL 

X/C 

REiC 

tHAG 

HAG 

PHASE 

030 

006 

033 

•4  346 

4  572 

6  308 

!33  56 

053 

207 

034 

4  663 

•5  537 

?  239 

•40  90 

09! 

193 

052 

-3  997 

4  217 

5  810 

133  48 

093 

175 

054 

3  979 

*4  675 

6  139 

•4$  60 

142 

292 

.09! 

•3  469 

3  557 

4  969 

1 34  29 

142 

316 

094 

3  497 

•4  034 

5  339 

-49  39 

jii 

378 

140 

*3  036 

3  205 

4  415 

133  46 

199 

uo 

.141 

3  236 

•3  767 

4  $66 

•49  34 

24? 

418 

209 

♦2  880 

2  974 

4  140 

134  09 

244 

457 

200 

2  666 

•2  792 

3  861 

•  46  32  f. 

292 

48! 

243 

*3  023 

3  1 76 

4  385 

133  60 

293 

500 

243 

3  073 

•3  495 

4  640 

•40  5  S  ', 

341 

544 

294 

•3  002 

3  079 

4  300 

134  28 

341 

536 

293 

2  362 

•2  726 

3  607 

-«9  10  |> 

399 

835 

402 

•4  06! 

3  721 

5  524 

137  64 

393 

629 

341 

3  173 

O  084 

4  424 

•  44  19  f‘ 

44Q 

703 

44Q 

•4  988 

4  016 

6  423 

140  96 

-40 

713 

394 

3  210 

•2  902 

4  301 

•4?  89 

487 

594 

406 

•11  922 

4  745 

2  832 

154  31 

490 

?77 

.490 

11  025 

•3  337 

12  207 

•15  76 

537 

322 

538 

•1  0T2 

•2  138 

2  714 

•126  03 

83? 

334 

532 

616 

2  69j 

2  76! 

n  U  ,'i i 

M5 

258 

584 

128 

•2  900 

2  603 

•07  J9 

503 

455 

631 

007 

2  460 

2  460 

09  85  S 

634 

1 8 1 

633 

*  120 

•2  C64 

2  068 

•93  32 

625 

196 

670 

*  100 

2  091 

2  097 

94  60  v; 

W 

U 3 

733 

*  052 

•»  339 

t  339 

•92  22 

•79 

137 

731 

•  20« 

1  491 

1  505 

97  95 

ro  • 

C6‘ 

701 

OM 

•1  20? 

1  204 

•06  85 

?34 

070 

701 

-  171 

1  )»6 

1  327 

97  42 

627 

Q4t 

029 

!6I 

*1  C85 

1  097 

•01  55 

709 

006 

0)1 

•  396 

1  119 

1  107 

<09  4$ 

874 

093 

072 

1 54 

-  714 

>ji 

>77  69 

832 

043 

60« 

•  246 

700 

749 

109  »« 

924 

141 

tM! 

00? 

•  264 

241 

•69  64 

606 

<13 

623 

*  I7fl 

403 

494 

tiO  It 

-  •(' 

i  i 

..i  » 


$  i 


.2  < 


•••»t 

*/“••• 

05? 

t/C 

«*4C 

*46 

H»A« 

X/C 

(f^Atttl 

yv 

X/C 

rtic 

>**6 

Mb 

ii 

<s» 

•  C$4 

ow 

•  4  071 

J  6*0 

1  001 

14}  24 

t*) 

*  »? 

0)« 

ii* 

•  4  |lt 

4  3»2 

•60  47 

W' 

»« 

KJ 

•4  07* 

3  «64 

1  ** 

» 

M3 

*  m 

OM 

3  0)1 

•3  *%: 

6  4  Y$ 

•46  ?* 

<w 

•  MI 

0*1 

*3  »4» 

2  »» 

4  *00 

o»  <1 

*42 

•  >16 

694 

1  ••> 

*3  W 

1  m 

•WO 

*n 

*  >70 

•3  3»2 

I  ffSO 

«  340 

«n  96 

*99 

-  IX 

141 

2  Mf 

•1  470 

4  W? 

*69  00 

34? 

•  410 

JOt 

•3  MO 

2 

*  M3 

>M  it 

244 

*  407 

300 

3  3?4 

•2  t*3 

3  4*1 

-*»  >f 

K) 

9! 

241 

•i  a* 

3  >13 

4  111 

*3’  50 

M3 

•  we 

243 

2  to* 

*3  1*2 

*  CM 

•01  79 

•  6*4 

4C2 

*?  213 

4  M 

•  ro 

u*  60 

241 

-  %* 

Ml 

2  764 

•  2  7*6 

1  wr 

•61  « 

799 

• «» 

441 

•?  t?2 

J  M 

«  60 

107  26 

>33 

•  629 

341 

2  we 

•  2  Mi 

4  224 

.» »f 

440 

•  *03 

m 

•O  W5 

•  M 

*3  204 

•  it*  rr 

440 

•  n> 

M4 

2  «i 

O  M» 

*  221 

*02  »» 

*97  •  $♦! 

1M 

<1  M 

l* 

«  »M 

*106  C*6 

*« 

*  m 

4*0 

11  m 

<6  660 

13  40 

•20  00 

53) 

•  322 

6*4 

M 

•4  630 

4  6*7 

•f)  7f 

63? 

*  334 

U) 

3  m 

i  o»» 

6  C*6 

57  0* 

Si 

W 

•  250 

632 

*3  >M 

•3  7 70 

1  CV 

•*)i  4* 

Ml 

•  m 

631 

•  2>i 

4  $03 

4  50* 

*2  64 

•» 

634 

•  ‘O' 

?>  1 

m 

•2  9U 

3  0*3 

•n  « 

626 

*  148 

•f* 

•  062 

1  Mi' 

3  500 

10*  7* 

i 

4*2 

•  13? 

701 

T3» 

2  m 

2  504 

•u  « 

*M 

•  >3f 

3)3 

•«  Wf 

2  002 

2  ?*$.* 

IN  02 

m 

•  001 

621 

ja 

‘2  42* 

2  *42 

■•c  to 

734 

■  efi 

901 

f  u* 

2  24* 

2  233 

10*  01 

•if 

041 

072 

m 

•«  >*) 

1  602 

*«  31 

m 

•  00* 

6)1 

•1  4fe 

1  660 

2  in 

06  32 

•?4 

0*2 

641 

m 

•  02» 

72< 

4N 

6)2 

643 

666 

•  tH 

1  *06 

1  475 

131  ti 

■  V 

624 

141 

06* 

641 

M3 

190 

*21 

-  w 

323 

601 

:*?  3? 

3  H 

■7  I 


M 


TABLE  2.12.  MEAN  AND  FUNDAMENTAL  FREQUENCE  PRESSURE  DATA 
FOR  AGARD  CT  CASE  NO.  8;  DYNAMIC  INDEX  49 


2-13 


WING  HOOa-  NAC A  64A010.  CHORD*  500  METERS 
V«NG  MOTION-  PITCHING  51  OEG  ABOUT  X/C*  247 


OYNAMIC  INOex  49  STATIC  INDEX  30 


M 

796 

ptot 

ALPHA 

-  21 

QINF 

RE  1 

30E  07 

PINT 

203321  K  10» 

59395  FR£Q  17. J 

133912 


■UPPER  SURFACE- 


•LOWER  SURFACE- 


STEADY  DATA 


UNSTEADY  OATA 


STEADY  OATA 


UNSTEAOY  OATA 


X/C 

CPU- 

CPU 

X/C 

REAL 

—  -CPU. A 

1HAG 

MAG 

PHASE 

030 

086 

.033 

-5  969 

4  221 

7  311 

144  75 

091 

193 

052 

*6  089 

4  153 

7  371 

145  71 

142 

292 

.091 

-5  759 

3  944 

6  980 

145  60 

211 

378 

140 

-4  902 

3  538 

S  045 

144  19 

243 

418 

.209 

*4  $89 

3  255 

5  708 

145  24 

292 

4ei 

.2  43 

*4  851 

3  434 

5  943 

144  71 

341 

544 

.294 

-4  535 

3  U2 

5  517 

145  30 

399 

635 

.402 

•5  050 

3  330 

6  049 

146  61 

440 

703 

.440 

•  4  941 

3  414 

6  006 

145  37 

487 

594 

.488 

-18  650 

JO  071 

21  195 

151  64 

537 

322 

.538 

-  803 

-1  572 

1  765 

-117  06 

585 

258 

584 

593 

•1  987 

2  073 

-73  39 

634 

181 

.633 

-  058 

•  1 . 149 

1.151 

•92.89 

682 

132 

.733 

-  222 

•  752 

764 

-106  45 

733 

. 

061 

-  114 

-  642 

652 

•100  07 

827 

041 

.829 

-  030 

•  593 

599 

•98  67 

874 

092 

872 

-.018 

-  43« 

432 

•92  40 

924 

141 

.941 

-.018 

-.175 

176 

•95  86 

--CPI- 

.... 

.... 

- CPL. A- 

X/C 

CPL 

X/C 

REAL 

1  MAG 

HAG 

PHASE 

053 

207 

034 

8  689 

-5  674 

10  377 

-33  15 

093 

.175 

054 

6  979 

•4  989 

8  578 

•35  56 

‘42 

316 

.094 

6  041 

-4  167 

7  339 

•34  60 

199 

320 

.  Ml 

5  340 

-3  828 

6  571 

•35  64 

244 

*  >7 

200 

4  130 

-2  819 

5  000 

•34  32 

293 

500 

.243 

5  142 

*3  706 

6  340 

•35  80 

341 

536 

.293 

3  526 

-2  570 

4  368 

•36  18 

.393 

629 

.341 

4  290 

-2  832 

5  Ul 

•33  43 

440 

.713 

.394 

4  538 

-2  983 

5.431 

•33  32 

490 

.777 

.490 

10  913 

*4  639 

11  858 

•23  03 

537 

334 

582 

•  115 

1  710 

1  714 

93  84 

583 

255 

.631 

-  402 

1  502 

l  555 

105  00 

625 

198 

.678 

•  284 

1.190 

1  224 

103  42 

.679 

137 

.733 

-  194 

943 

962 

101  61 

734 

070 

.781 

-  091 

718 

724 

97  25 

789 

006 

831 

-  267 

.660 

712 

112  08 

832 

.043 

688 

-  164 

.458 

.486 

109  70 

866 

941 

.  i  13 

170 

.923 

•  148 

-270 

308 

118  ?8 

TABLE  2.13.  MEAN  AND  FUNDAMENTAL  FREQUENCY  PRESSURE  DATA 
FOR  AGARD  CT  CASE  NO,  9;  DYNAMIC  INDEX  65 


WING  HOOEL-  NACA  64AQI0.  CHORD*  500  METERS 


WING  MOTION  PITCHING  2  00  OCC  A8QUT  X/C*  239 
OYNAMIC  'NOEX  65  STATIC  iNOEX  31 


H 

797 

PTOT 

203186 

ALPHA 

-  03 

QINF 

59423 

RE  1 

24E  07 

PINT 

133724 

K  101 
FREQ  17  2 


STEADY  data 

’PER  SLR 

PACE . 

UNSTEADY  JATA 

S«€AOY  DATA 

AC*  UM 

fACt . 

WlSTCiW  04T* 

X/C 

CPU 

X/C 

REAL 

IHAC 

MAG 

PHA« 

X/C 

CPL 

*/c 

real 

IMAC 

MAC 

030 

099 

033 

•6  624 

4  616 

8  239 

U5  93 

000 

021 

034 

6  55) 

•5  203 

*  Ml 

*)•  a 

091 

200 

052 

•6  62* 

4  930 

6  025 

145  64 

053 

107 

054 

*  7M 

•  4  9«5 

0  1*0 

•14  2) 

142 

298 

091 

•5  300 

3  507 

6  399 

146  52 

142 

309 

094 

5  010 

•1  749 

6  752 

•3)  69 

211 

385 

.140 

•4  806 

3  234 

5  793 

146  07 

244 

450 

141 

9  140 

•j  »»> 

«  4» 

-» », 

243 

425 

209 

•4  557 

3  064 

5  491 

140  10 

293 

497 

XX 

4  000 

•1  279 

«  •>• 

■  S3  Nl 

292 

488 

243 

•4  448 

3  039 

5  387 

145  67 

341 

24) 

4  »M 

•2  901 

•  XI 

•12  61 

341 

551 

294 

•3  123 

2  918 

4  274 

134  96 

393 

427 

293 

J  iH 

•2  2M 

4  III 

-12  55 

399 

«»3 

4W 

•  4  844 

3  104 

5  797 

140  69 

440 

tij 

141 

1  Ml 

■1  *J4 

J  4« 

Ol  47 

440 

716 

440 

•?  167 

3  Of 

5  990 

149  62 

490 

796 

394 

4  )U 

*2  4*7 

tttt 

•20  15 

487 

729 

488 

■e }» 

4  IV 

9  248 

152  61 

537 

350 

490 

•  020 

•2  461 

0  404 

-ir  i, 

537 

323 

538 

•7  658 

3  392 

8  375 

156  12 

503 

354 

502 

2  104 

tn 

1  IM 

»  w 

5u5 

254 

584 

■1  227 

•  74$ 

1  4J| 

•140  73 

625 

>*> 

631 

m 

M 

•  OM 

*» «) 

634 

100 

633 

■  0«7 

•  662 

066 

n  i4 

679 

U7 

»i» 

200 

•67 

Ml 

74  61 

682 

130 

733 

•  160 

•  930 

943 

•  99  70 

734 

071 

73) 

•  001 

025 

629 

♦0  If 

733 

060 

781 

002 

•  851 

851 

•69  65 

769 

000 

701 

009 

M 

•'I 

MX 

827 

012 

829 

M2 

•  740 

748 

•61  43 

332 

042 

•M 

•  111 

4a 

440 

100  06 

074 

092 

Hi 

.103 

•  531 

541 

•79  00 

•06 

III 

*» 

•  IW 

227 

ji» 

II*  u 

924 

140 

»4I 

009 

•  SJ4 

:» 

•49  32 

941 

167 

2-14 


TABLE  2.14.  MEAN  AND  FUNDAMENTAL  FREQUENCY  PRESSURE  DATA 
FOR  AGARD  CT  CASE  NO.  .10;  DYNAMIC  INDEX  3  2 
WIHC  HOOEL  NACA  64*010.  CHORD*  500  HE  TEDS  ' 


WING  HOTlON-  PITCHING  94 

0£G  ABOUT  X/C.  232 

OYNAHlC  INDEX  12 

STATIC 

INDEX  13 

M  802 

PTOT 

50763  K 

2CC 

ALPHA  -  00 

Q1W 

14953  FP£G 

33  2 

oe  3  40£  C6 

PlW 

33251 

STCAOT  OAT 4 

... -UPPER  SUf 

FACE . 

UNSTEADY  0AT« 

STEADY  OATA 

... 

.oven  $u 

tTACE . 

UNSTEAOY  OATA 

X'C 

CPU 

X/C  PEAL 

IMAG  hag 

PHASE 

X/C  CPL 

x/C 

REAL 

(HAG 

HAG 

PHASE 

CM 

-  :2t 

033  *3  850 

4  490  5  915 

130  62 

*0 

CO 

IT- 

000 

345 

.  322 

472 

*43 

03 

052 

*  169 

05?  -4  211 

3  9»9  5  752 

137  06 

093  -  223 

034 

4  863 

•4  966 

6  950 

•45 

61 

C9> 

*  24? 

091  .3  825 

3 

394  s  114 

138 

42 

142  -  315 

0S4 

4  415 

-4  477 

6  298 

*45 

40 

142 

•  339 

140  *3  325 

2  834  4  369 

139  SS 

199  -  358 

094 

3  797 

•3  685 

5.277 

.43 

99 

2*1 

-  42C 

2C9  -2  990 

2  804  4  099 

136  $6 

244  .  448 

141 

3  528 

•3  349 

4  865 

*43 

52 

243 

•  465 

243  >3  »I0 

3 

128  4  411 

134 

85 

293  •  503 

200 

3  291 

•2  883 

4  375 

*41 

23 

292 

-  522 

339  -3  »89 

2  987  4  370 

136  69 

341  -  551 

243 

3  365 

.2  925 

4  459 

*41 

00 

341 

*  S?6 

492  -4  394 

3  759  5  702 

139  46 

393  -  627 

293 

3  196 

.2  883 

4  304 

•42 

06 

440 

•  633 

440  *5  819 

3  668  6  879 

147  78 

440  •  672 

341 

3  578 

«3  096 

4  73 1 

•40 

87 

49? 

•  659 

483  -6  677 

4  31$  7  952 

147 

12 

490  -  673 

394 

3  637 

-2  697 

i  52? 

*36 

56 

53? 

♦  396 

539  .11  290 

3  568  It  841 

162  47 

537  .  399 

441 

6  015 

•2  916 

6  684 

25 

86 

555 

•  224 

534  •  47Q 

•2  720  2  760 

-99  81 

583  >  244 

490 

9  63* 

-3  J3I 

9  445 

•20 

65 

€34 

-  160 

G33  055 

«2  592  2  593 

-88  00 

625  •  179 

53? 

12  947 

2  056 

13  109 

9 

03 

682 

•  IIS 

682  309 

*2  120  2  142 

.81 

72 

679  •  124 

*382 

946 

2  606 

2  772 

70 

oe 

733 

-  053 

733  256 

-1  560  l  580 

-80  6? 

734  .  061 

831 

-  459 

J  331 

2  366 

tot 

20 

?83 

-  001 

781  C88 

-1 

494  1  497 

-86 

72 

709  *  004 

678 

.  449 

2  024 

2  0?3 

102  52 

827 

039 

829  092 

-t 

181  l  134 

-86  05 

632  043 

733 

-  433 

1  191 

1  268 

no  00 

8V4 

089 

872  089 

-1 

029  1  333 

-85 

12 

896  108 

781 

•  163 

1  096 

1  090 

99  55 

924 

135 

Ml  009 

* 

543  543 

-BJ  OS 

941  160 

831 

•  962 

71} 

1  H8 

140  46 

688 

•  39f 

069 

395 

169  69 

923 

•  219 

494 

531 

M4 

40 

TABLE 

2.15 

.  INSTANTANEOUS  UPT  AND  MOMENT  DATA;  CT 

CASE  NO. 

6,  DYNAMIC  INDEX  S5 

1  A- 

H»MU 

r. l  *»p  r».  » •» 

CL 

Ci  >si 

r  i-2 

C  l.ii 

CM 

rn*«l 

1 

•  4  S 

'  4«  > 

•  4 i'  4vv 

S2m 

,  l9o  / 

• 

*0<i  < 

»-UST 

2 

» .«•? 

•4  4  *  '••41 

,  *“15 

4'*  «k« 

4i»»‘  ».* 

- 

.in  in 

»4"»*4  1 

1 

,* 

I,M 

•  4  It  1 

s*- 

,  *M«,v 

,»  n.  / 

•  •»»•»»  j 

•♦<»*»  iM* 

*,‘•.>10 

<6 

1  «» 

1  *  4  s  1 

,11 

*4 

s*.. 

4i  «»VA 

4«*s  f* 

. 

....  A*. 

•  l 

V 

»  ,• 

1  *  4*»  1 

4»iV 

•,*'<*  Is 

1S/N4 

.•»“va 

,.;a»v? 

•  4..i*i? 

•*'»l  » 

,*  l-lk 

•>  1 

\ 

•  ) 

2  l,s» 

.M 

*4M<4«H 

VI 

•.“*•!• 

♦  •»!•  tt 

.•»»■* 

? 

•*  %s 

A  '  4  5  1 

44‘* 

t 

'1*?3 

.*  t? 

V 

'.1 

♦  *.#-4| 

,  k  1# 

•*-i*t 

,u«M 

>  ♦•'In  2 

*  4  **l  ?  7 

,1  I 

*  •“«  i 

S 

l4 1 

.2,  »l 

4  ?  * 

•  ♦“■it  •• 

•4»W 

,i  4 

»t| 

.'•13*1 

4t  .‘•Sfc 

A  i* 

<*♦»’ 

4*  4->1 

,k\ 

•  41*11 

u  iu 

4  ••  k  y  4 

.•‘lAin 

*.t  |A  1*1 

4*  «»M 

l  1 

1  4  1 

*1  1  4*kt 

4*7 

•  4*  A'1? 

\«jl  * 

4».4L*« 

v4l*»:«V 

*4*4 

*7' l»“  4 

!■>? 

w 

V,> 

*4*  ,h| 

4«J* 

!.,»•  !•  «* 

•1 

,»»)  VI 

,A?4I 

,»•»«•  A 

,»  *.i> 

A 1 

S4  1 

w.M 

4  41 

4,‘MaIi 

•41? 

**A^V 

-» 

♦ « *  vv 

1  > 

V,  A 

4Y.v\s 

«,kM/ 

,  ->  1  t  4 

.  .  I  >1  4 

\  N 

t*  ,M 

♦  J  <i 

21/ 

HIS 

4-»h  < 

.Mi" 

1  4 

*4»  *+) 

»t  U 

4ft 

•  14 

,»u  * 

.Ml' 

1  > 

*4» 

*«■  4‘»* 

•  4  *»  1 

•  »» 

l  «fl 

%»i  |ll|> 

V 

-  t  r  .*  1 4 

-*fl  ts 

.‘'lit 

,M  |b 

1  A 

»,  A 

‘A*V. 

»** 

•  4  ‘  •*  *  l 

l  *♦» 

,i'Mk 

.  M  * 

•♦Hl-lfc 

.  “  1  1  .2 

*“l?l 

1  t 

*4’ 

1  *• «*  4  *•  l 

4  ,'1/ 

•  4  *  »  V 

»•»  ». 

.»-2«2 

>hO* 

• .  r.*  1* 

.*!'** 

4t  12? 

2  1 

•  *  •  t  ■»  i 

“*  '1 

•»  H* 

1 

,  1*.- 

.•  n* 

•  4»«  -ii* 

••  14  1 

4  •’  1  l  » 

t*  122 

*\ 

1  1  » 

•*,<1 

•  4  ■  >  1  *  • 

A  * 

4  ’  ‘V* 

4  •  >•  1  * 

“»s-r* 

'•^*1 

4 '  11a* 

74 

1'  ,► 

1  /  '»  |  J 

•  •***“  “ 

4.  f* 

4*  > 

'  1  t 

■  ■  • 

.  -vs. 

*  1  •  ** 

♦  *•  I* 

?» 

1  ,1 

l/A.’il 

•4'** 

4. \ 

*‘H  v 

,  •  I  1  * 

•  4  •*  1  43 

s»  •*  •  *■  * 

.  |r‘«' 

,-M  i 

fr. 

1  1  4« 

A  4«f#SJ 

«,N.<4 

4‘  t <*  1  •• 

1  24 

*  ,  **>‘V  2 

M 

. 

*>. 

1  *  4  » 

l  4..  4‘i» 

-  4  r-i 

»  • 

1  •» 

4«-  4*Ai 

.  ,Mh 

»•  'H» 

,1'luA 

,  •  1 

2«> 

t?»s 

1  •li,M 

•  4  ■  1 

4  ‘  »'A*  • 

**-•»? 

•  4  *'  *A  V  4 

.‘■*4 

.•  i»* 

.  »  *  VS 

n,» 

(‘V  *  ,  ■»  A 

4  4  > 

t  •  ♦  1  -  * 

4  ’Il  k 

•  4-vv* 

■«'U 

4»  '*  <•* 

t  »4  •» 
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TABLE  2.16.  INSTANTANEOUS  PRESSURES  AT  UPPER-SURFACE)  CT  CASE  NO.  6,  DYNAMIC  INDEX  55 


JS 
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2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

PHASE.DEfi* 

•5,5 

.5 

6,5 

12.5 

18.5 

24,5 

30.5 

36,5 

42.5 

46.5 

54.5 

60,5 

66.5 

ALPHA  #l*EU= 

1.019 

1.021 

1.012 

.991 

,958 

,915 

,862 

.800 

.730 

,653 

.570 

,481 

.367 
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X/C 
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*  *  * 

*  « 

#  • 

*  ♦ 

*  *  • 

CP  * 

*  * 

ft  ft  * 

•  • 

*  • 

ft  • 
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,034 

-.161 
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-.173 

-.182 

-.191 

-.196 

-.202 

-.203 

-.202 

-.201 

-.200 

*.198 

-.195 
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.05# 

-.167 

-.19b 

-*20q 

-.210 

-.214 

-.218 

-.222 

-.225 

-.225 

*  .  224 

-.222 

'.aiv 

-.217 
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.091 

-.254 

-.259 

-.265 

-.269 

-.2/2 

-.275 

-.27/ 
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*,277 
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-.271 

-.268 
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,140 

-.339 

-.346 

-.350 

-.355 

-.358 

-.360 

-.362 

-.364 

-.364 

*.363 

-.361 

-.358 

*,356 

5 

.209 
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-.429 

-.433 

-.438 

-.439 

-.442 

-.443 

-.443 

-.443 

-.442 
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-.439 

-.437 
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.243 

-,460 

-.4/4 
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-.484 

-.486 

-.486 

-.490 

-.490 

-,«90 
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-.4*6 
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.294 

-.530 
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-.541 

-.546 

-.549 

-.551 
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-.554 

-.553 

-.552 

-.550 

*,549 

0 
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-.709 

-.715 

-.720 

-.721 

-.7#3 

-.726 

-.727 

-.724 

-.723 

-.722 

-.724 

-.723 

*•  7  1  b 

9 
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-.373 

-.782 

-.785 

-.788 

-.790 

-.791 

-.791 

-.790 

-.790 

-.789 

-,79u 

-.789 

*,786 

10 

•  46a 

-.777 

-.786 
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-.795 

-.796 
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-o79« 
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-.792 
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-.784 

11 

.538 
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-.55# 
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-.340 
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-.322 

-.513 

-.304 
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-.259 

-.247 

-.240 
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-.229 

-.223 
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-.213 

-.213 
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-.172 
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-.165 
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.733 
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-.056 
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*,404 
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•  440 
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1 1 
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-.313 
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••410 
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•  384 
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-,*47 

*,290 
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-.271 
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*.260 

-./*« 
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*,I0| 

*  3 
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*.112 
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-.175 
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*•211 

14 

*713 

-.,084 

*♦090 
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-•037 

•  *057 
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•  ♦045 

*.«66 
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-.035 

-.074 
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,1 41 

.vt*3 
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».UOl 

•«60l 
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•♦014 

••01  7 

*,020 

-.0/3 

».0J* 

*,024 

16 

.929 

,091 

,095 

•  053 

♦  v3^ 

.Oft  7 

.0*2 

*017 

*041 

,024 

.03, 

.0## 

,021 

17 

,3  72 

.096 

,644 

•  w9> 

.042 

.  vVl 

*04! 

,066 

*084 

.663 

.064 

.0*0 

.03* 

,074 

t* 

•941 

•  151 

*394 

•  194 

•  194 

.194 

.156 

♦  196 

.194 

•  156 

•  194 

.13# 

.1,0 

*  130 

2* 

*9 

4 1 

42 

43 

•  ft 

49 

46 

*7 

46 

44 

W 

,1 

92 

P»*6l.9(U« 

228.3 

254,5 

240*5 

2*6*9 

292,3 

296,9 

2*4.3 

2»0,1 

276*9 

262*9 

<•*., 

*«0.3 

100,9 

••»4l 

-.5*9 

•«4V* 

«*«w 

••*»* 

-*2«# 

*,046 

.607 

•  142 

•217 

.31* 

.013 

•911 

1 

♦oi-i 

•04# 

*316 

*fct  0 

.003 

••t-l>» 

-,001 

-.016 

*.0#« 

•.Oil 

*.041 

-.068 

-.033 

2 

•  *9# 

-.021 

*.02* 

-.03# 

-.0)6 

-,s«* 

-.086 

*.#3» 

-.066 

*,076 

*•646 

-.033 

1 

,041 

•,|0i 

-.IV« 

**106 

*.H* 

-.11* 

••118 

-.us 

-.110 

-.130 

*.145 

-.196 

*.»62 

-.131 

tf 

*140 

••207 

*.a*i 

->.210 

-,2ll 

-,#H 

•*221 

*.##» 

*,241 

-.#»* 

-.266 

-.216 

*,261 

-,#»3 

5 

.204 

-,2*J 

•,24ft 

*.401 

*.!«) 

-.304 

-.111 

-.313 

-.122 

-.310 

-.44# 

-.464 

•«I52 

-.330 

i  . 

•  2*4 

Mil 

-.147 

-.14* 

-.Ml 

--340 

•.492 

-,33» 

-.462 

-.330 

*,47# 

-.464 

•,|6t 

-.000 

7 

•244 

-.•oi 

•^.406 

*,604 

*.411 

•♦•13 

-••20 

-,*#« 

-.640 

-.oil 

*,•91 

*.460 

-,>M 

6 

*4V2 

••51  & 

•*5AJ 

♦ill 

*.598 

-.333 

-.581 

-.330 

*.607 

**•1  7 

*.627 

-.033 

4 

*466 

••554 

-.951 

*  •  567 

-.ftv« 

-.»#/ 

•♦111 

-.*13 

-.687 

•  ••06 

*.M0 

*.3H 

10 

,489 

•,llB 

-.6*8 
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-♦47ft 

-,«•» 

-•444 

-.303 

*.910 

-.Ml 

•  ,940 

*.366 

*•348 
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11 

*14fc 

*.160 
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-.152 

•♦336 
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-.491 
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-.452 
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-.497 

-•111 
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-.13* 

(2 

♦  364 
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-.406 

*.409 

-.496 

-.130 
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-.103 

••  4o4 
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••161 

-.IftS 
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1) 

*614 
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-.216 

-.213 

*.2l9 

-..'IS 

-.212 
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>‘.217 

-.#13 
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••216 
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-.#13 

U 

♦  7  SI 
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-,V8ft 

-.(•3 
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-.041 

•*e»2 

-.0*3 

15 

.764 

••024 

-.924 

*♦9. tV 

».olo 

*,M9 

-.0  #• 

*,v24 

-.0#* 

•.026 

*.92« 

•*624 

».e#o 

ift 

•  v22 

•  02*  ■ 

.0/0 

.02* 

.»#« 

.427 

.0/3 

•  V2* 

.02* 

•  926 

•  o#» 

17 

,#72 

*o7f 

♦«t# 

..iff 

.v7* 

.03) 

.076 

.03* 

*0  7ft 

.03* 

.960 

•  040 

•  Oil 

46 

.484 

.190 

*131 

•  191 

*139 

.till 

•  192 

.1*1 

*191 

.133 

•  194 

•  190 

.144 

.13# 

Z'10 


TABLE  2.16  CONCLUDED. 


J3 

53 

54 

55 

5b 

57 

58 

59 

60 

61 

62 

t>S 

64 

t>5 

PHASE, OEUe 

306.5 

312,5 

318.5 

324.5 

330,5 

336.5 

342,5 

346.5 

354.5 

360.5 

366.5 

372.5 

378,5 

ALPHA, 0£6» 

.599 

,661 

.756 

.623 

.682 

.931 

.*71 

1.000 

1.017 

1.021 

1.014 

,99« 

*  9b  3 

I 

X/C 

*  * 

•  *  * 

*  * 

ft  * 

*  ft 

ft  *  i 

1  CP  * 

•  * 

•  •  ft 

•  • 

ft  ft 

ft  « 

•  * 

1 

.033 

•.062 

-.074 

-.089 

-.104 

-.116 

-.129 

-.142 

-.152 

-.180 

-,lo? 

-.173 

-.181 

-,190 

2 

.052 

•.107 

-.m 

-.128 

-.138 

-.149 

-.158 

-.168 

-.177 

-.166 

-.195 

-.204 

-.210 

-.213 

3 

.091 

•*161 

-.189 

-.200 

-.210 

-.219 

-.228 

-.236 

-.245 

”  *253 

-.259 

-.2b5 

-.269 

-.271 

4 

,140 

-,vi 

-.286 

*  ,295 

-.303 

-.310 

-.316 

-.326 

-.333 

-.339 

-.345 

-.350 

-.354 

-.3*7 

5 

.209 

•.367 

-.376 

-.364 

-.391 

->398 

-.405 

-.411 

-.417 

-.422 

-.428 

-.432 

-.435 

-.439 

6 

.its 

•  .409 

-.420 

-.428 

-.434 

-.440 

-.447 

-.454 

-.462 

-,4bfl 

-.473 

-.478 

-.482 

-,48b 

7 

.294 

•,478 

-.465 

-.493 

-.499 

-.506 

-.513 

-.519 

-.524 

-,5iu 

-.533 

-.538 

-*5«4 

-.348 

e 

.402 

•  .648 

-.656 

-.665 

-.673 

-.683 

-.689 

-.695 

-.700 

-./06 

-.712 

-.718 

-.722 

-.724 

9 

.440 

-.727 

-.735 

-,7«J 

-,/SO 

-.758 

-.762 

-.765 

-.771 

-.775 

-,779 

-.785 

-  ,  789 

-.790 

10 

.466 

-.636 

*.657 

-.661 

-.705 

-.720 

-.733 

-.748 

-.762 

-.774 

-  ,784 

-.793 

-.796 

-.795 

11 

.53$ 

-.354 

-.352 

-.352 

-.353 

-.352 

-.351 

-.352 

-.351 

-.348 

•,34/ 

-.348 

-.345 

-.342 

12 

.564 

-.297 

-.212 

-.291 

-.267 

-  ,284 

-.280 

-.272 

-.267 

-.263 

-.259 

-.251 

-.243 

-.238 

13 

.633 

••ais 

-.214 

•.210 

-.206 

-.204 

-.201 

-.198 

191 

-.187 

'.183 

-.178 

-.173 

-.169 

H 

.733 

-.063 

-.081 

-.060 

-.077 

-.076 

-.071 

-.068 

-.064 

-.059 

-.055 

-.053 

-.052 

-.051 

15 

.761 

-.025 

-.023 

-.021 

-.022 

-.020 

-.016 

-.015. 

-.012 

-.006 

-.004 

-.003 

-.000 

.004 

16 

.629 

.029 

.030 

.031 

,029 

.031 

,034 

.036 

.040 

.044 

.047 

,049 

.055 

.059 

17 

.672 

.062 

,064 

,064 

.063 

.086 

.067 

.066 

.092 

,093 

.094 

.095 

.098 

,099 

16 

.941 

.1*5 

.158 

.156 

.154 

.153 

.1*5 

.156 

.160 

•  161 

•  159 

.160 

.161 

•  16U 

TABLE  2.17.  STEADY  AND  FUNDAMENTAL  FREQUENCY  PRESSURE  DATA;  SHOCK-STALL  CASE 


WING  HOOD..  NACA  $4*010.  CWCRO*  500  METEPS 
WING  HOT iGN  PITCHING  I  C<  OCG  ABOUT  >/$•  249 


OTHAHIC  J7CCX  99 

STATIC  INOCX  44 

H  799 

PTOT  *031 $9 

X 

304 

ALPHA  4  CO 

QiW  59714 

rsco 

35  1 

R£  1  2CC  C? 

PIKf  134741 

. . Wfl  . 

$T$iOT  CAT*  W5T»A0t  cat* 


.... 

CPU . 

X/C 

CPU 

*/C  RCM. 

1MAC 

HAG 

PHftC-C 

030 

.  w 

052  O  9)2 

1  1*5 

5  0>? 

Ml  i) 

091 

'  94? 

091  O  6)4 

3  134 

5  COO 

139  C8 

142 

•  999 

KO  -3  ii» 

}  9C* 

5  43$ 

134  3? 

211 

*  970 

209  ■>  4S» 

J  M* 

4  )W 

139  35 

»«j 

■  99? 

24)  .2  405 

2  M» 

4  119 

122  M 

293 

.1  049 

2*4  .2  020 

4  I4J 

4  91) 

1*9  *1 

J41 

.1  on 

Ml  -J  13* 

M 

1  >11 

172  97 

Jt» 

•1 

403  *»2  4 19 

•i*  SM 

22  «4 

•123  11 

440 

*  $49 

44C  >12  22* 

•19  435 

K  «*• 

■'M  tt 

417 

•  534 

4»  -13  0?t 

-l«  0J1 

1*  *22 

•  31  01 

5)7 

•  w 

*x  ■*  «n 

ft)  Ml 

7  737 

.1*0  02 

MS 

•  449 

M4  »T  J4l 

*t  tie 

?  M 

•ui  X 

#3* 

*  >97 

433  1  01* 

i  no 

•  3?9 

197  49 

•  >J7 

7)J  *C  TiC 

?  405 

10  019 

t»  X 

73) 

•  rt 

W  *5  424 

t  HO 

10  «2 

1M  79 

M2 

•  2»J 

M*  -4  HJ 

10  *4* 

n  m 

HO  92 

l?7 

-  H3 

(»2  ■)  XI 

U  C4I 

it  m 

«C1  21 

*>« 

IN 

•  W9 

*  C46 

*41  •  0*4 

io 

to  <U 

10  u 

. Ml  SUBTLE . 

STCAO’  C*T*  INSTCaOT  DATA 


*/C 

CfV 

c<\ 

n/c 

«C*l. 

••••CPV.A* 

1HAC 

HAG 

PH*W 

09) 

?)» 

0)4 

4  221 

•2  9)7 

5  179 

•22  32 

C93 

2n 

014 

4  151 

•2  Ml 

4  W« 

.23  42 

<42 

H4 

09* 

2  1*9 

•3  221 

4  399 

♦  )l  H 

11V 

C»« 

141 

3  M2 

•3  2*9 

4  454 

•29  19 

244 

092 

200 

3  *C2 

.1  Ml 

1  453 

•22  01 

29) 

IX 

242 

3  94t 

.1  Ml 

4  169 

•32  19 

341 

'») 

2*2 

1  M2 

*t  *99 

3  7M 

*19  59 

39) 

299 

)4» 

4  311 

•  *2* 

4  4*0 

.13  24 

4)0 

3)9 

iU 

»  II* 

•  K* 

9  147 

•*  »» 

5)7 

2M 

JW 

4  OM 

1  Jl» 

9  179 

i)  9* 

M2 

i5i 

193 

»C2j 

2  400 

»  1*4 

2*  «■ 

935 

2‘? 

9)1 

7  41$ 

3  912 

1  W 

I*  13 

*1* 

‘1* 

414 

2  W 

2  >42 

S  401 

43  H 

7)4 

129 

222 

2  9217 

4  011 

»  *0* 

47  91 

Ttf 

01* 

Ml 

>  M* 

4  HI 

»  H» 

*3  H 

*12 

04* 

m 

3  SM 

9  449 

*  *22 

U  42 

CM 

CO) 

*22 

2  221 

4  W 

9  937 

n  u 

*41 

0*9 

TABLE  2.18.  INSTANTANEOUS  PRESSURES  AT  UPPER-SURFACE)  SHOCK  STALL  CASE,  DYNAMIC  INDEX  89 


Js 

I 

2 

3 

4 

5 

6 

7 

6 

9 

10 

1  1 

12 

13 

►*MASfc,Dfc6= 

-11.2 

-5.2 

•  8 

6,« 

12.6 

13.8 

24,8 

30.6 

36,6 

42,6 

46,6 

54.8 

60.8 

ALPHA, UtGs 

1 .009 

1.025 

1,026 

1.019 

.996 

,96b 

.923 

,870 

*809 

.7  39 

*662 

.577 

,487 

I 

X/C 

•  * 

•  » 

ft  * 

*  ft 

*  * 

a  ft 

CP  « 

*  * 

*  * 

*  ft 

ft  ft 

*  # 

•  • 

1 

•  052 

-1,013 

-1.022 

-1.028 

-1.033 

-1,0.47 

-1,040 

-1.041 

•1.041 

-  1  .  0  *•  0 

*1.039 

•1 ,036 

-1 ,033 

-1,030 

2 

.091 

-1.009 

-1.01/ 

-1,025 

-1.027 

-1,032 

-1.0J6 

-1,037 

-1.036 

-1.039 

-1.037 

-1.035 

-1,032 

-1.028 

S 

,140 

-1.033 

•1.042 

•1.049 

-1*054 

.058 

-1.061 

•1.063 

-1,064 

-1.064 

*1.063 

-1,061 

-1.059 

•1 .055 

n 

,209 

-1.014 

•'1.021 

-1.028 

-1.034 

•1,039 

-1.043 

-1,045 

-1.047 

-1.04/ 

*1.047 

-t.Ottb 

-1.045 

-1.042 

5 

,24i 

-I. 037 

•1.045 

-1.050 

-t.05fa 

-1.062 

-1 .066 

-1,069 

-1.071 

-1,0/2 

*1,072 

-1.071 

-1.071 

-1.068 

6 

,294 

-1.064 

-1.092 

-1.10U 

-1.109 

-1.11/ 

•1.121 

-1712* 

-1.126 

-1.126 

-1.126 

-l.Ud 

-1.126 

-1.124 

7 

-1.139 

*1.147 

-1.155 

-1,162 

*1.188 

-1,172 

-1.176 

-1,179 

-1.161 

-1.182 

-1.183 

-1,182 

-1.172 

5 

,402 

-1.402 

*1.412 

•1.422 

-1.429 

•1.43? 

*1  ,444 

-1.447 

-l  ,424 

-1.525 

-1.119 

-.910 

-.80S 

-.744 

9 

.440 

-.991 

-.997 

•i.ooo 

-1.005 

-.967 

-.886 

-.715 

-.580 

—  ,  50*4 

-.«62 

-,436 

-,42v 

—  .404 

10 

.088 

-.853 

-  •  728 

-.83 1 

-.i8« 

-.521 

-,4«5 

-,457 

-.4.31 

—  .408 

-.392 

-.3/3 

-  *  355 

-.543 

It 

.538 

-.623 

-.610 

-.596 

-.561 

-.569 

-.55/ 

-,539 

-.527 

-.515 

-.497 

-.463 

-.471 

-.455 

12 

.586 

-.595 

-.591 

-.565 

-.576 

-.572 

-.564 

*.546 

-,55b 

-.519 

•  ,504 

—  ,440 

-.475 

-.461 

W 

.633 

-.562 

-.566 

-.561 

•  .565 

-.554 

-.543 

-,53'J 

-.524 

-.510 

-.495 

-,460 

-  ,466 

-.447 

14 

.733 

-.414 

-.429 

-.446 

-.455 

-,4h4 

-.4/1 

-,«b« 

-  ,454 

—  ,  448 

-.43/ 

-,429 

-.417 

-.405 

15 

.781 

-.321 

-.340 

-.3o4 

-»  386 

-.400 

—  ,  4 1  3 

-.421 

-•“12 

-.Mil 

—  ,oo5 

-.400 

-.3*7 

-.561 

lb 

.829 

-.207 

-.235 

-.268 

*.30u 

-  •  329 

-.345 

•»  362 

-.365 

-.164 

-.5/0 

—  ,  36  5 

-.361 

-.354 

17 

.672 

-»093 

-.126 

-.163 

-.186 

-.226 

-.257 

-,265 

-.295 

-.306 

-.316 

-.316 

-.319 

-.Jli 

t# 

.941 

,052 

.024 

-.Owl 

-.038 

-.077 

-.119 

-.153 

-.160 

-»2oo 

-,215 

-.226 

-.229 

-.231 

J* 

!* 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

PHA3E,0EC5 

66.6 

72.8 

78.8 

64.8 

90,6 

96.0 

102.6 

106.6 

114.6 

120,8 

12b.e 

132.6 

136,6 

ALPrtA,0EGo 

.392 

.266 

*  1 92 

.068 

-.016 

-.120 

-.223 

-.324 

-.421 

-.514 

-.602 

-.664 

-.786 

1 

X/C 

*  • 

ft  ft 

ft  ft 

ft  ft 

ft  * 

*  *  < 

CP  * 

*  * 

*  • 

ft  • 

*  * 

•  ft 

ft  ft 

1 

.ose 

-1.024 

•1.019 

-1,012 

-1,00b 

-,996 

-.491 

-,V«3 

»,9/4 

-,9h6 

-.956 

-,95‘> 

-.941 

-.933 

2 

•  u6l 

-1  ,024 

-1.019 

•1.014 

-1  .008 

-1  ,00»» 

-.993 

-.987 

-.9/9 

-.971 

9h4 

-.455 

-,9«6 

-.936 

i 

»  1  40 

-1 .051 

*1.047 

•1.442 

-1.047 

-1,031 

*1.024 

-1.H6 

-X .00n 

-.991 

-.4*2 

-.973 

—  »9b4 

u 

*209 

-1,039 

•1.035 

-W032 

-1,02/ 

•1,0*2 

-1.016 

-l.oiu 

*1,004 

-,99o 

-  *941 

-,964 

—  ,9  7  b 

-.969 

5 

•  S’3 

-1,066 

-1.063 

*1.060 

-1.056 

-1,052 

*1.047 

-1,041 

-1.036 

-1.030 

-1.024 

-1.U18 

-1.012 

•1.666 

6 

,294 

-1,123 

-i.tit 

*1.119 

-1.116 

-i.iii 

•1,106 

*1.100 

•1.09» 

-1.091 

-l,o»9 

-1.081 

•1.077 

-1.0/3 

7 

.339 

-t ,  1 39 

-1,099 

•1.051 

-1,010 

-*(I62 

-.964 

-.963 

-.966 

-.968 

-.97/ 

-.086 

-.995 

-1.010 

ft 

.402 

-.714 

-.694 

-.663 

-.674 

-.664 

-.657 

*.b55 

-.653 

-.65i 

-.653 

-.655 

-.658 

-.661 

9 

.4*0 

-.393 

-.361 

-.375 

-.371 

-.363 

-.359 

-.35/ 

-.355 

-.352 

•  •  346 

-.351 

-,35u 

-.551 

10 

.486 

-.335 

- « 326 

-.325 

-.314 

-.311 

-.299 

-•  3u  l 

-.296 

-.290 

-.296 

-.290 

-,2»8 

-.290 

n 

,536 

-.445 

-.433 

-.428 

-,424 

■  ,.13 

-,«ie 

-.406 

-.402 

-.399 

-.389 

-.564 

-.366 

-.385 

w 

.564 

-.447 

-.436 

-.426 

-.421 

-.415 

-.404 

-.402 

-.399 

-.m 

-.38/ 

-.386 

-.382 

-.572 

is 

•  633 

-.435 

-.425 

-.413 

-.406 

-.400 

*.391 

-,  564 

-.375 

-.in 

-.188 

-.366 

-.351 

-.345 

16 

.733 

-.399 

-.382 

-.173 

-.365 

-.356 

-.181 

-.336 

-.332 

-.325 

-.318 

-.304 

*.#6* 

•.inn 

15 

.761 

-.371 

-.356 

-.346 

-.338 

-.332 

-.323 

*.Ju> 

-.304 

-.290 

-.286 

-.274 

-.264 

-.251 

id 

,629 

-,3«4 

-.334 

-.319 

-.311 

*.3ul 

**  JlHl 

•.2«2 

-.274 

-.*v 

-.255 

•*, 244 

-.225 

-.223 

IT 

.672 

-.lu» 

-.298 

-.20/ 

*.2/9 

-  ,2t>5 

-.26  3 

-.255 

-.224 

•  .2»4 

-.21- 

-.17/ 

U 

.941 

-.231 

-..!|6 

«.it« 

-.199 

-.191 

-.189 

-.1/6 

-,l©ft 

W4 

-.1-4 

-.134 

-.113 

J* 

21 

in 

*9 

3u 

31 

u 

n 

16 

35 

36 

37 

ii 

34 

144,6 

I  86.# 

156.9 

161.* 

166.0 

(16. 6 

160.6 

186.8 

|Oi.» 

16#.* 

*00.8 

iio.6 

21A.8 

••#*7 

-.066 

-.674 

•1,016 

•1.0<* 

•i.iii 

*,V4| 

*.4#1 

•.vu 

•.##4 

*.#04 

l 

I/C 

•  • 

*  A  i 

I  A  A 

A  • 

A  • 

A  *  1 

(  CP  i 

A  • 

♦  A  1 

A  ft 

A  A 

A  ft 

A  A 

t 

ttu 

*.<UJ 

-,41« 

-.405 

-.*97 

-,«40 

-,«85 

•,M0 

*.875 

-.871 

-.888 

-,### 

-.666 

t 

.091 

*,414 

♦  ,40/ 

-,84o 

-.841 

-.•65 

•.840 

-,8»4 

-♦#70 

-.*66 

*•##3 

-  .66 1 

••P#if 

5 

•  u» 

-.454 

•  ,444 

-,446 

-.428 

•  ,  4 14 

«,»u 

•,9u«i 

-.848 

-,»0? 

*»8rt- 

*.•64 

-.661 

6 

1  itu'f 

*.441 

*,454 

*,4*i 

■.■ib 

*.424 

*.*<» 

*.  A  1  4 

*.415 

*  .  4 1  2 

-.61“ 

*,4  olft 

*.4u* 

5 

.241 

-,44ft 

*,441 

-.485 

-»4Tf 

*,4/ti 

-,46| 

*,VAft 

-.953 

•»44A 

-,4AV 

*.9JV 

•  ,v3a 

© 

.<6« 

*i.«». 

-1,658 

•1 .0*9 

*3 ,061* 

•1 .026 

*1.0)4 

*1.913 

•I.06-I 

•l.vl 

*.945 

•»440 

t 

.111 

•1.611 

-i  .u«j 

•i  ,i'*i 

•1,08/ 

•1.VT6 

•1.0/9 

•1.016 

•u«74 

-1.471 

•1 ,o#ft 

-1,066 

•1 .66U 

0 

.*02 

-.446 

•aftll 

•*.A4« 

*.T1T 

-.70/ 

-.TU 

•,#49 

-.48# 

-I.0S1 

-1,16* 

•1.66# 

•1,110 

-1.116 

4 

-.  !*• 

-.16? 

-.344 

*.»6T 

•.M 

».TT6 

-,i*i 

-.404 

-.6rt 

-,«.6 

-.44% 

*.»Mi 

*.#*4 

u 

,448 

•,*#© 

-.260 

-.270 

*.*4| 

*.r494 

-.101 

•*3lfe 

-.111 

-.34# 

-,}6S 

-.1*6 

>1 

.43# 

•»  1T1 

-.11 1 

-.161 

*.J66 

*.1T» 

•»  37 1 

».1T< 

-.MS 

-.116 

-.ITT 

-.160 

-.1*1 

-4*9  3 

u 

.*#• 

-.166 

•,146 

•.Ml 

-.116 

•,$*5 

-.111 

•  •I*) 

-.,‘11  * 

•»  32* 

11 

.1)1 

*.1#9 

•.HI 

-.1SI 

-.304 

•.<*> 

-.ill 

-,27a 

*,*57 

*.*4# 

•»ifH 

•,**4 

la 

.733 

-.*71 

-v<ll 

-.4*4 

•.*34 

••*21 

-.*04 

••115 

-.175 

-  ,  1  #0 

-.116 

1*1 

•  •  1  u4 

•.041 

15 

.T»l 

•.HI 

-.iBl 

•»14^ 

*•  !•* 

♦,  1A© 

••U# 

-.116 
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Fig.  2.1.  General  arrangement  of  oscillating  airfoil  test  apparatus  in  NASA  Ames 
11-  by  11-Foot  Transonic  Wind  Tunnel. 
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DATA  SET  3 

NACA  0012.  OSCILLATORY  AND  TRANSIENT  PITCHING 

by 

R.  H.  Landon,  ARA 


INTRODUCTION 

These  results  are  extracted  from  tabulations  of  wing  pressures  resulting  from  the 
3rd  series  of  pitching  tests  about  0.25c  axis  made  in  the  ARA  2-dimensional  tunnel,  using 
the  pitching  and  heaving  rig,  Ref  3.1. 

The  main  purpose  cf  these  tests  was  to  examine  the  conditions  of  dynamic  stall  and 
recovery  at  scaled  time  rates  similar  to  those  of  a  typical  helicopter  application. 

Dynamic  similarity  was  maintained  also  in  Reynolds  number;  the  approximately  quarter  scale 
blade  section  was  therefore  run,  for  all  the  cases  reported  here,  at  a  tunnel  stagnation 
pressure  of  4  bar  to  match  low  altitude  flight  of  the  helicopter.  Consequently,  no  arti¬ 
ficial  boundary  layer  transition  trips  were  applied  to  the  test  wing. 

The  output  of  dynamic  pressure  transducers  was  sampled  at  fixed  intervals,  the 
instantaneous  pressures  and  reference  conditions  having  a  matched  and  filtered  response 
within  3  dB  up  to  460  Hz. 

The  results  represent  one  specific  cycle,  and  are  not  averaged  over  a  number  of 
cycles.  The  data  bank  at  ARA  contains  at  least  4  cycles  of  each  dynamic  condition.  Ramp 
motions  have  only  a  single  transient. 

Up  to  6  increments  of  mean  incidence  and  amplitude,  singly  or  in  combination,  could 
be  runs  the  present  programme  called  for  3  increments  (called  programme  steps  or  PSTEP)  of 
mean  incidence,  am  as  shown  in  Table  3.4. 

The  time-dependent  results  are  presented  without  harmonic  or  spectral  analysis. 

Note  that  the  harmonic  content  of  the  pitching  motion  is  relatively  high,  due  to  the 
intrusion  of  other  modes  of  the  drive  system: 


AGARD  case 

f 

(Hz) 

Harmonic  content  and  phase  angle  relative 
to  the,  fundamental 

First 

Second 

Third 

Fourth 

1*2,3 

5 

50.32 

62.5 

2.444,-10° 

0.224,-13° 

2.454,-39° 

2.604,-44° 

0.54,  -51° 
0.374,-61° 

0.384,  0° 

0.074,-76° 

The  instantanoous  Mach  number  varies  in  sympathy  with  the  drag  of  the  wings  the  flow 
momentum  loss  changes  the  effective  area  of  the  choked  throat  that  controls  the  flow  down¬ 
stream  of  the  model,  thus  making  speed  dependent  on  drag.  Mach  number  is  thus  given  for 
each  data  point  in  the  results. 

The  heave  modo  (no  results  presented  hero)  allowed  the  wing  to  bo  placed  up  to 
63.5  mm  (2.5  in)  above  and  below  the  tunnel  centro  lino.  Some  pitching  tests  nro 
reported  in  Ref  3.2  to  show  possible  effects  on  dynamic  readings  of  wail  proximity:  there 
has  been  no  analysis  of  unateadp  tunnel  interference,  but  corrections  appropriate  to  steady 
interference  have  been  applied  to  some  of  the  measured  quantities, 

Notes  on  the  data 

The  ordinates  of  the  NACA  0012  airfoil  are  given  in  Tabic  3.1.  The  chordwisc  and 
spanwise  locations  of  the  30  pressuro  holes  and  their  channel  numbers  arc  given  in 
Tablo  3.2,  and  the  arrangement  of  the  data  is  explained  in  Table  3.3. 

Ten  data  sets  are  presented  to  provide  experimental  comparison  with  AGARi)  CT  Casas. 
These  are  extracted  from  the  full  set  of  tests  identified  in  Tables  3.4  and  3.5. 

For  the  priority  CT  Case  1  the  tabulated  data  are  presented  as  32  sets  of  pressuro 
coefficients  at  equal  time  intervals  during  a  cycle  of  oscillation,  extracted  from  64 
sets  in  the  original  dnta.  For  the  other  CT  cases  of  oscillatory  pitch  the  number  is 
reduced  to  8  sets.  The  ramp  motion  and  quasi-steady  data  have  16  points,  chosen  to  give 
approximately  equal  incidence  increments,  again  taken  from  more  closely  spaced  original 
data.  Tables  3.7  to  3.10  Include  a  pitch  damping  factor  which  is  irrelevant  for  the 
present  purpose  and  its  value  le  also  shown  In  each  of  the  oscillatory  plots.  Note  also 
that  the  ramp  incidence  rote  is  an  approximate  or  nominal  value:  the  incidence  rate 
a  -  da/dt  Is  not  constant,  and  when  calculated  from  different  ranges  of  incidences,  will 
give  different  values.  Approximate  representations  of  the  motions  in  Kef  3.6  are 
recommended  for  comparative  calculations  at  given  a  .  No  measurements  were  made  for 


strictly  steady  conditions,  but  instantaneous  pressures  were  measured  for  very  slow 
oscillations  of  incidence.  The  results  of  three  of  these  quasi-steady  tests  are  given 
in  Tables  3.14  to  3.16. 


Oscillatory  pitch  about  0.25c: 


Related 

AGARD 

CT  Case 

Rim  No. 
and 

P  step 

Experimental  conditions 

Data 

table 

M 

am 

(deg) 

“o 

(deg) 

f 

(Hz) 

k 

Re  x 10~6 

Sets 

1 

87-1 

0.600 

2.89 

2.41 

50.32 

0.0808 

4.8 

32 

3.7 

2 

89-1 

0.600 

3.16 

4.59 

50.32 

0.0811 

4.8 

8 

3.8 

3 

87-3 

0.600 

4.86 

2.44 

50.32 

0.0810 

4.3 

8 

3.9 

5 

128-1 

0.755 

0.016 

2.51 

62.5 

0.0814 

5.5 

8 

3.10 

Ramp  motion  about  0.25c: 


Related 

AGARD 

CT  Case 

Run  No. 

Experimental  conditions 

Data 

table 

m 

a  range 
(deg) 

Re  *10-6 

Approx  a 
(deg/s) 

Sets 

6 

218 

eeb 

-0.03  to  15.54 

2.7 

1280 

16 

3.11 

7 

227 

-0.01  to  14.80 

4.6 

425 

16 

3.12 

8 

230 

ESS 

-0.01  to  14.97 

4.5 

1380 

16 

3.13 

Quasi-steady: 


Run  No. 

M 

a  range 
in  table 
(deg) 

Re  x 10~6 

Sets 

Data 

table 

6 

0.30 

-0.12  to  15.55 

2.6 

16 

3.14 

11 

0.58 

-0.13  to  11.56 

4.6 

16 

3.15 

151 

0.75 

-3.27  to  3.35 

5.5 

16 

3.16 

Figs  3.2  to  3.4  show  typical  results  extracted  from  Ref  3.2  for  oscillatory  pitching 
at  H  «■  0.6  and  0.75,  showing  the  effect  of  reduced  frequency  parameter  on  normal  force# 
pitching  moment  and  a  damping  factor  OF.  The  related  AGARD  CT  cases  1,  2,  3  and  5  are 
included  in  these  figuros.  Figs  3.2  and  3.3  are  for  respective  amplitudes  oq  ■  2.5°  and 
5.0°. 


Fig  3.5  shows  curves  of  Cm  against  a  from  the  quasi-steady  data  and  for  the  two 
ramp  rates  at  M  ■  0.57  to  illustrate  the  lag  in  tho  growth  of  Cfj  and  the  delayed  stall 
under  dynamic  conditions. 


1  AIRFOIL 

1.1  Designation 

1.2  Typo  of  airfoil 

1 . 3  Geometry 

1.4  Design  condition 

1.5  Additional  remarks 

1.6  References  on  airfoil 

2  MODEL  GEOMETRY 

2 . 1  Chord  length 

2 . 2  Span 

2.3  Actual  model  coordinates  and 
accuracy  of  measurements 

2.4  Flap:  hinge  and  gap  details 

2.5  Additional  remarks 

2.6  References  on  model 


NACA  0012 

Symmetrical  12%  thick 

See  Table  3.1  and  formula  in  Ref  3.6 


Refs  3.6#  3.7 


101.6  mm  (4  in) 

203.2  ma  (6  In) 

See  Fig  3.1  and  Table  3,1.  TE  thickness  • 
0,383  on#  ie  approximately  0.127  mm  too  thick 


WIND  TUNNEL 


3.1 

Designation 

ARA  2-dimensional  tunnel 

3.2 

Type  of  tunnel 

Intermittent  blow  down 

3.3 

Test  section  dimensions 

h  =  457.2,  b  »  203.2,  length  =  1251  mm 

3.4 

Type  of  roof  and  floor 

Slotted,  3.2%  open  area  ratio 

3.5 

Type  of  side  walls 

Solid 

3.6 

Ventilation  geometry 

Roof  and  floor  each  have  6  slots  and  2  half 
slots  at  corners.  Plenum  chambers  133  mm 
deep  connected  by  large  ducts.  Top  and 
bottom  walls  diverge. 

3.7 

Thickness  of  side  wall 
boundary  layer 

24*/b  -  0.015 

3.8 

Thickness  of  boundary  layers 
at  roof  and  floor 

Not  known 

3.9 

Method  of  measuring  Mach 
number 

Static  hole  in  side  wall  5  chords  ahead  of 
model 

3.10 

Uniformity  of  Mach  number 
over  test  section 

Centre  line  distribution  within  ±0.0015  in 
region  of  model 

3.11 

Sources  and  levels  of  noise 
or  turbulence  in  empty  tunnel 

No  serious  disturbances 

3.12 

Tunnel  resonances 

No  evidence 

3.  i  3 

Additional  remarks 

3.14 

References  on  tunnel 

Ref  3.8 

MODEL 

MOTION 

4.1 

Mode  of  applied  motion 

Pitching  about  0.25c,  oscillation  or  ramp. 

No  heave  results 

4.2 

Range  of  amplitude 

Oscillation  ±9.5°;  ramp  0  to  30°  (limit  44°) 

4.3 

Range  of  frequency 

0  to  60  Hz  (limit  100  Hz) 

4.4 

Method  of  application 

Hydraulic  actuator 

4.5 

Purity  of  applied  motion 

See  Introduction 

4.6 

Natural  frequencies  and 
normal  modes  of  model 

Lowest  is  bending  at  600  Hz 

4.7 

Static  c-r  dynamic  olastic 
distortion  during  tests 

No  significant  distortion 

4.0 

Additions!  remarks 

- 

TEST 

CONDITIONS 

5.1 

Tu»nel  helght/roodel  chord 
ratio 

4.5 

5.2 

Tunnel  width/model  chord 
ratio 

2.0 

5.3 

Range  of  Mach  number 

0.3  to  0.07 

5.4 

Range  of  tunnel  total  pressure 

i*-4  bar 

5.5 

Range  of  tunnel  total 
temperature 

260  k  approximately,  uncontrolled 

5.6 

Range  of  model  steady,  or 
mean,  incidence 

ill  deg  (limit  44°) 

5.7 

Definition  of  model  incidence 

On  chordlinc:  datum  matched  on  chordviso 
pressure  distributions 

5.0 

Position  of  transition,  if 
free 

Not  known 

5.9 

Position  and  type  of  trip,  if 
transition  fixed 

No  trijr  v«  presented  date  because  model  Re 
consistent  vJtn  i  haliepptet  blade 

5.10 

Tor  mixed  flow,  position  of 
sonic  boundary  in  relation  to 
roof  and  floor 

5.11 

Flow  instabilities  during 
tests 

No  Hmpltj  answer;  refer  to  ABA 

5.12 

Additional  remarks 

J‘c.slrit.1  of  mode)  0.25c  is  6  chords  downstream 
of  start  of  slots 

5.13 

References  describing  tests 

Pets  3.1,  3.3 

MEASUREMENTS  AND  OBSERVATIONS 


6.1 

Steady  pressures  for  the  mean  conditions 

6.2 

Steady  pressures  for  small  changes  from  the  mean 

conditions 

6.3 

Quasi-steady  pressures 

6.4 

Unsteady  pressures 

6.5 

Steady  forces  for  the  mean  conditions 

measured  directly 

Integrated  pressures 

6.6 

Steady  forces  for  small  changes  from  the 
mean  conditions 

measured  directly 

integrated  pressures 

6.7 

Quasi-steady  forces 

measured  directly 

integrated  pressures 

6.8 

Unsteady  forces 

measured  directly 

integrated  pressures 

6.9 

Measurement  of  actual  motion  at  points  on  model 

6.10 

Observation  or  measurement  of  boundary  layer  properties 

6.11 

Visualization  of  surface  flow 

6.12 

Visualization  of  shockwave  movements 

6.13 

Additional  remarks 

INSTRUMENTATION 


7.1  Steady  pressures 

7.1.1  Position  of  orifices 
span wise  and  chord wise 

7.1.2  Type  of  measuring  system 

7.2  Unsteady  pressures 


7.2.1 

Position  of  orifices 
spanwise  and  ohordwiso 

7.2.2 

Diameter  of  orifices 

7.2.3 

Typo  of  measuring  system 

7.2.4 

Type  of  transducers 

7.2.5 

Principle  and  accuracy  of 
calibration 

3  Modal  motion 

7.3.1 

Method  of  measurement 

7.3.2 

Accuracy 

7.4  Processing  of  unsteady 
measurements 


7.4.1 

Method  of  acquiring  and 
processing  measurements 

7.4.2 

Type  of  analysis 

7.4.3 

Unsteady  pressure 
quantities  obtained  and 
accuracies  achieved 

7.4.4 

Method  of  integration  to 
obtain  forces 

7.5  Additional  remarks 

7.6  References  on  techniques 


Pressures  for  quasi-steady  conditions  measured 
with  same  system  used  for  unsteady  pressures 


See  Table  3.2 
0.2S  mm 

30  transducers  in  model  (see  Kef  3.1) 
Kulite  XCQD  absolute 

Calibrated  under  steady  conditions  against 
Texas  Qu-rta  Pressure  Tost  Sot. 

Accuracy:  i2,7  mb 


Shaft  encoder 
Resolution!  *0.1  deg 


Signals  sampled  at  known  time  intervals, 
same  points  in  cycle 

instantaneous  pressures  reduced  to  nee- 
dimensional  coefficients 

Approximately  sO.Oi  in  Cp 


Standard  curve  fitting  procedure 


Tabulated  C,,  and  C  are  corrected  for  wall 
constraint 

dots  3.1,  3.9,  3.10 


DATA 

PRESENTATION 

8.1 

Test,  cases  for  which  data 
could  be  made  available 

Tables  3.4,  3.5,  3.6 

8.2 

Test  cases  for  which  data  are 
included  in  this  document 

See  Introduction 

8.3 

Steady  pressures 

- 

8.4 

Quasi-steady  or  steady 
perturbation  pressures 

Tables  3.14,  3.15,  3.16 

8.5 

Unsteady  pressures 

Tables  3.7  to  3.13 

8.6 

Steady  forces  or  moments 

- 

8.7 

Quasi-steady  or  steady 
perturbation  forces 

Tables  3.14,  3.15,  3.16 

8.8 

Unsteady  forces  and  moments 

Tables  3.7  to  3.13 

8.9 

Other  forms  in  which  data 
could  be  made  available  if 
required 

None 

8.10 

References  giving  other 
presentations  of  data 

Ref  3.1 

COMMENTS  ON  DATA 

9.1 

Accuracy 

9.1 

.  1  Mach  number 

±0.0015 

9.1 

.2  Steady  incidence 

Instantaneous  incidence  to  ±0.1  deg 

9.1 

.  3  Reduced  frequency 

Within  about  1% 

9.1 

.4  Steady  pressure  coefficients 

- 

9.1 

.5  Steady  pressure  derivatives 

- 

9.1 

.6  Unsteady  pressure 
coefficients 

Instantaneous  Cp  to  ±0.01  (see  Ref  3.10) 

9.2 

Sensitivity  to  small  changes 
of  parameter 

- 

9.3 

Spanwise  variations 

Not  serious  for  data  presented  here  (for 
other  cases  see  Ref  3.1) 

9.4 

Non-linearities 

- 

9.5 

Influence  of  tunnel  total 
pressure 

- 

9.6 

Wall  interference  corrections 

Values  of  a,  am,  a0,  CK  and  Cm  have  been 

corrected  on  the  basis  of  steady  calibrations 
(see  para  12),  No  corrections  appear  to  be 
necessary  for  M  , 


9.7 

Other  relevant  tests  on 
s ame  model 

9.8 

Relevant  tests  on  other  modols 
of  nominally  the  eame  aerofoil 

Ref  3.11 
model  of 

gives  steady  measurements  on  another 
NACA  0012  in  same  tunnel 

9.9 

Any  remarks  relevant  to  com¬ 
parison  between  experiment  and 
theory 

' 

9.10 

Additional  remarks 

- 

9.11 

References  on  discussion  of 
data 

Ref  3.2 

PERSONAL  CONTACT  FOR  FURTHER  INFORMATION 

Mr  R.H.  Landon,  Aircraft  Research  Association  Ltd,  Manton  Lane,  Ledford  MK41  7PF, 
England 


LIST  OF  REFERENCES 
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ARA  Memo  220,  December  1979 


3.3 

A.  Harris 

Calibration  of  ARA' 3  2-dimensional  facility  using  2.8%  open 
area  liners. 

April  1971,  unpublished  Memorandum 

3.4 

A.  Harris 

A.B.  Haines 

Evidence  on  wall  interference  effects  in  the  ARA  2-dimensional 
tunnel . 

ARA  Memo  147,  1972 

3.5 

A.B.  Haines 

An  evaluation  of  wall  interference  effects  in  ARA's  2-dimensional 
tunnel. 

Item  5,  Tech  Comm.,  June  1973 

3.6 

Ed.  S.R.  Bland 

AGARD  two-dimensional  aeroelastic  configurations. 

AGARD-AR-156,  1979 

3.7 
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A.E.  von  Doenhoff 

Theory  of  wing  sections:  including  a  summary  of  airfoil  data. 
McGraw-Hill,  New  York,  1949 
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Some  notes  on  model  testing  in  the  ARA  2-dimensional  facility. 

ARA  Memo  170,  1975 

3.9 

R.H.  Landon 

Mrs  M.E.  Wood 

Some  sources  of  error  with  Kulite  pressure  transducers  in  the 

ARA  pitch/heave  rig. 

ARA  Memo  204,  1978 

3.10 

R.H.  Landon 

Mrs  M.E.  Wood 

The  pitch/heave  rig  data  selection  and  reduction  program,  and 
Corrigendum. 

ARA  Memo  182,  1976 

3.11 

Mrs  J.  Sawyer 

Results  of  tests  on  aerofoil  M. 102/9  (NACA  0012)  in  the  ARA 
2-dimensional  tunnel. 

ARA  Model  Test  Note  M. 102/9,  1978 
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DEFINITIONS  AND  EXPLANATION  OP  DATA  TABLES 

b 

airfoil  span  and  tunnel  width 

c 

chord 

CN 

normal  force  coefficient 

pitching  moment  coefficient  (about  0,25c) 

f 

frequency  (Hz) 

h 

tunnel  height 

k 

reduced  frequency, 

»c/2V 

M 

Mach  number 

q 

dynamic  pressure 

S,Re  Reynolds  number 


t  time  (seconds) 

V  volocity 

x,y,z  airfoil  coordinates 

a  incidence 

am  mean  incidence 

Oq  pitch  amplitude 

4*  displacement  thicknoss  of  boundary  layer 
o  frequency  (rad/«) 


For  each  chosen  case,  experimental  data  are  presented  as  sets  of  instantaneous  valuos 
of  the  quantities  c  C.,  c  a  and  M  for  particular  times  t  (lit  seconds)  in  Tables 
3.7  to  3.16.  P  M  « 

Uncorrecfced  coofficionta  CJ.  and  C'  are  evaluated  by  a  curve  fitting  procedure 
from  the  integrals  w 

1 

CN  -  /  {CpL  “  Vd(*/C> 

0 

c;  -  /v  - 

o 


C^.)  (0.25  -  (x/c))d(x/c) 


where  c  =  (p  - P<J  /q  is  uncorrected  and  the  suffices  L  and  U  denote  lower  and  upper 
surfaces  respectively. 

Oscillatory  motion  is  defined  by 

o  =  arri  +  °o  sin(wt  + 

where  e  is  a  phase  angle  dependent  on  the  time  datum. 

The  quantities  o  a  aA  C„  and  C  (but  not  C  )  have  each  been  corrected  for 
m  0  N  m  p 

tunnel  constraint  effects.  The  corrections,  as  derived  for  steady  conditions  in  Refs  3.3, 
3.4  and  3.5,  are  applied  to  each  instantaneous  condition  as  if  it  were  steady. 


Table  3.1 

NACA  0012  SECTION  ORDINATES 


x/c 

z/c 

0 

0 

0.0050 

+0.01221 

0.0125 

+0.01894 

0.0250 

+0.02615 

0.0500 

±0.03555 

0.0750 

±0.04200 

0.1000 

±0.04683 

0.1500 

±0.05345 

0.2000 

±0.05738 

0.2500 

±0.05941 

0.3000 

±0.06002 

0.3500 

±0.05949 

0.4000 

±0.05803 

0.4500 

±0.05581 

0.5000 

±0.05294 

0.5500 

±0,04952 

0.6000 

±0.04563 

0.6500 

±0.04132 

0.7000 

±0.03664 

0.7500 

±0.03160 

o.aooo 

±0.02623 

0.8500 

±0.02053 

0.9000 

±0,01448 

0.9500 

±0.00807 

1.0000 

±0,00126 

Table  3.2 

NACA  0012  WING  PRESSURE  LOCATIONS  AND  CHANNEL  NUMBER  IDENTITIES 


Upper  surface 

Lower  surface 

Channel 

No. 

x/c 

y/b 

Channel 

No. 

X/c 

y/b 

1 

1.0  TE 

0.52 

21 

0  LE 

0.44 

2 

0.9 

0.51 

22 

0.01 

0.46 

3 

0.8 

0.48 

23 

0.02 

0.48 

4 

0.7 

0.49 

24 

0.04 

0.48 

5 

0.6 

0.5 

25 

0.10 

0.48 

6 

0.5 

0.5 

26 

0.22 

0.5 

7 

0.4 

0.5 

27 

0.34 

0.5 

8 

0.3 

0.5 

28 

0.46 

0.5 

9 

0.2 

0.51 

29 

0.57 

0.5 

10 

0.15 

0.48 

30 

0,68 

0.5 

11 

0.125 

0,48 

31 

0.79 

0.54 

12 

0.1 

0.49 

32 

0.90 

0.55 

13 

0.075 

0.5 

14 

0.05 

0.51 

15 

0.03 

0.52 

16 

0.02 

0.53 

17 

0.01 

0.55 

18 

0.005 

0.56 

Table  3.3 

LAYOUT  OF  RESULTS  IN  TABLES  3.7  TO  3.16 


q  (lb/ft  )  a  (deg) 


where,  in  the  arrangement  above,  C^n  is  the  instantaneous  value  of  Cp  for  channel  n 
(see  Table  3.2) .  Corresponding  x/c  locations  can  be  identified  from  the  following  keys 


Upper 

1.00 

0.90 

0.80 

0.70 

0.60 

0.50 

0,40 

0.30 

0.10 

0.15 

1 

er 

Lower 

25 

0.10 

0.075 

0.05 

0.03 

0.02 

0.01 

0.005 

0 

0.01 

Lower 

0.02 

0.04 

0.10 

0.22 

0.34 

0.46 

0.57 

0.68 

0.79 

0.90 
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Table  3.4 

PARAMETERS  OF  OSCILLATORY  PITCH  CASES 


3-11 


Table  3.7 

ARA  RUN  B7  PSTEP  1  AOARD  CASE  1  -  DSC.  PITCH 

M=0.  6  R=4.  8*10®  e*>c/iv=0.  OBOB  ot^2.  B9  aC0" 2.41  Damping  +0.06708 

0  1647  -0.  0007  -0.  1408  -0.'i>437  -O.  33B3  -0.  4547  -0.  5712  -O.  7231  -0.  8666  -0.  9290  2 

-1.0117  -1.0640  -1.1383  -1.1316  -1.1096  -0.9442  -0.7231  -0.  540B  0.9766  0.6306  0.602  0.3719 

0.  3993  0.  1380  -0.  1897  -0.  2488  -0.  2454  -0.  1948  -0.  1360  -0.  1070  -0.  0530  0.  0263  0.  00000  0.  0014 

1706.  3  2.  97 

0.  1562  -0.  0024  -0.  1493  -0.  2539  -0.  3501  -0.  4716  -0.  5965  -0.  7335  -0.  9172  -0.  9965  4 

-1.  0894  -1.  1484  -1. 2615  -1.  2683  -1. 2582  -1.  0928  -0.  B6B3  -0.  6860  0.9191  0.7031  0.602  0.4267 

0.4752  0.2254  -0.1338  -0.2151  -0.2134  -0.1746  -0.1391  -0.0986  -0.0497  0.0263  0.00062  0  0022 

1706.  3  3.  42 

0.  1645  0.0044  -0  1439  -0 .2518  -0.3512  -0.4760  -0.6057  -0.  7760  -0.9597  -1  0307  6 

-1.1519  -1  2277  -1.3979  -1.4097  -1.4148  -1.2328  -1.0103  -0.8316  0  8674  0.7747  0.602  0.4777 

0.  5455  0.  2977  -0.  0731  -0.  1759  -0.  1810  -0.  1473  -0.  1203  -0.  0815  -0.  0343  0.  0348  O.  00124  0.  0043 

1708.  7  3.  84 

0.  1657  0.0078  -0.  1416  -0.2519  -0  3371  -0.4879  -0.6304  -0.8070  -1.0107  -1.  1024  8 

-1.2161  -1.3044  -1.5827  -1.5929  -1  3963  -1.3689  -1.1316  -0.9699  0.8158  0.8277  0  600  0.3285 

0.  6036  0.  3538  -0  0312  -0.  1348  -0.  1368  -0.  1314  -0.  1039  -O.  0720  -O.  0261  0.  0367  0.  00187  0.  0070 

1696.  6  4.  23 

0.  1594  0.  0044  -0  1473  -0.  2586  -Q  3681  -0.  4996  -0.  6443  -0.  8299  -1.  0406  -1.  1434  10 

-1.2446  -1.4333  -1  7570  -1  7772  -1.7182  -1.4772  -1.2381  -1.0878  0.7460  0.8372  0  602  0  573t 

0.6449  0.4003  0.  0094  -0.  096S  -0.  1 3B9  -0.  1 187  -0.  0984  -0.  0647  -0.  0260  0.0398  0.00249  0.0083 

1708  7  4.  56 

0.1632  0.0094  -0  139  1  -0  2330  -0  3616  -0.4954  -0.6441  -0.8296  -1.0419  -1.1271  12 

-1.2191  -1.  6887  - 1 .  9077  -1 .  9043  -1 .  8024  -1 .  3817  -1 .  3328  -1  1940  0.6830  0  8936  0.605  0.6049 

0.6880  0.4540  0  0529  -0  0641  -0.  1143  -0  0976  -0  0825  -0.0553  -0.0173  0.  0378  0  00311  0  0124 

1723.  1  4.  83 

0  1337  -0  0008  -0.  1571  -0  2721  -0  3B71  -0.3211  -0.6807  -0  8730  -1  0791  -1  1237  14 

-1.4293  -1  9393  -2  0833  -2  0577  -1.9461  -1  7401  -1.4929  -1  3194  0.6413  0  9229  0.596  0.6485 

0.7186  0.4782  0.0627  -0.0661  -0.1193  -0.1038  -0.0933  -0.0643  -0.0283  0.0301  0  00373  0  0149 

1677.  4  4.  90 

0  1479  0  0043  -0  1493  -0  2673  -0  3803  -0.3203  -0.  677Q  -0.8710  -1.0336  -1  1018  16 

-1  8471  -2  0318  -2  1314  -2  1138  -1.9976  -1.8078  -1.3616  -1.3719  0  6010  0.9393  0  597  0  6717 

0  7343  0  5001  0  0830  -0  0321  -0  1083  -0.0948  -0.0880  -0  0640  -0.0264  0-0300  0.00433  0  0189 

1684  6  3.  11 

0  1359  0  0111  -0  1387  -0  2548  -0.  3639  -0.  3003  -0  6320  -0.  8389  -0  9887  ~l  0863  19 

-2  0253  -2  0673  -8  1331  -2  1130  -2  0002  -10218  -1  3761  -1  3707  0  3730  0  940?  0  603  0  6723 

0.7433  0  3127  0  1003  -0. 0326  -O.  0949  -0. 0781  -0  0781  -O  0343  -0  0138  0  0364  0  00497  0.0200 

1711  1  3  09 

O  1333  0  0094  -0  1429  -0  2380  -0  3697  -0  3U9  -0  6643  -0  8504  -0  9926  *1  1213  20 

-2  0943  -2  1233  -8  1994  -2  1371  -2  0471  -1  8643  -1  6223  -1  3971  0  3646  0  9369  0  601  0  6786 

0  7440  Q  3087  0  0940  -0  0414  -0  1057  -0  1006  -0  0888  -0  0683  -0  0261  O  0297  O  00359  0  0236 

1701  S  5  03 

0  1933  0  0061  -0  1430  -0  2943  -0  3642  -0  3069  -0  6991  -0  8443  -0  9918  -I  0792  23 

-2  1234  -2  1994  -8  2369  -2  1902  -2  0039  -1  8936  -l  6484  -1  4019  0  9737  0  93B9  0  397  0  6694 

0  7400  0.3034  0  0833  -0  0922  -0,1207  -0.1122  -0,0967  -0  0710  -0,0333  0  0301  0  00621  0  0294 

1679  7  4  8? 

0  1 932  0  0077  -0  1381  -0  1*482  -0  3967  -0  4940  -0  6432  -0  8313  -0  9906  -0  9923  24 

•1  9998  -2  1144  -2  1924  -2  1391  -2  0934  -l  8619  -1  6110  -l  3296  0  6027  0  9128  0  600  0  6422 

0  7143  0  4793  0  0693  -0  0686  -0  1313  -0  1177  -0  1023  -0  0770  -0  0364  0  0247  0  00683  0  0262 

1699  1  4.  34 

0  1494  0  0009  -0  I486  -0  2383  -0  3603  -0  4936  -0  6334  -0  8244  -1  0101  -l  0320  86 

-1  4118  -8  0348  -2  1338  -2  1172  -2  0293  -l  8134  -1  3637  -1  2784  0  6237  0  B785  0  60l  0  6039 

0.6743  0.4363  0  0313  -0  0936  -0  1310  -0  1392  -0  1189  -0  0903  -0  0447  0  0194  0  00743  0.0238 

1706  4  417 

0  1997  0  0112  -0  1373  -0  2449  -0  3324  -0  4873  -0  6236  -0  0168  “1  0216  »1  1070  30 

-1  0040  -1  9637  -2  0698  -2  0784  -2  0067  -1  7472  -1  4943  -I  2077  0  6889  0  8663  0  398  0  3738 

0  6382  0  4124  0  0093  -0  1131  -0  1698  -0  1327  -O. 1271  -0  0947  -0.0486  0  0231  0  00607  0  023B 

1687  0  3  80 

0  1383  0  0077  -0  1388  -0  2411  -0  3427  -0  4747  -0  6067  -0/878  -0  9892  -1  0887  30 

-1  1991  -1  3613  -1  9049  -I  9374  -1  9134  -1  6290  -1  3667  -l  0891  0  7338  0  8201  0  601  0  3269 

0.  6032  0  3398  -0  0380  -0  1446  -0.  1903  -0.  1649  -0.  1396  -0  1023  -0.  0332  0  0179  0  00869  0  0220 

1701  3  3  40 

0  1601  0  0094  -0  1294  -0  2309  -0  3342  -0  4611  -0  3890  -0  7638  -0  9588  -1  0483  32 

-1  1923  -1  2631  -1  6663  -1  7644  -1  8068  -1  4933  -1  2279  -0.9486  0  7914  0  7796  0  601  0  4766 

0  3344  0  3107  -0  0786  -0.  1734  -0.2106  -0.  1783  -0.  1914  -0  1091  -0  0349  0  0179  0  00931  0.0192 

1701  9  3  01 


(continued  overleaf) 
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Table  3.7  (concluded) 


ARA  RUN  87  PSTEP  1  AOARD  CASE  1  -  OSC.  PITCH 

M=0.  6  R=4.  8*10°  tOc/ 2v=0.  0808  c^=2.  09  0^=2.  41  Damping  +0.06708 


0. 

1600 

0. 

0043  -0. 

1328  -0. 

2360  -0. 

3308  -0. 

4493  -0. 

3693  -0. 

7370  -0. 

9131 

-0. 

9943 

34 

•1. 

1162 

-1. 

2482  -1. 

4767  -1. 

5715  -1. 

6476  -1. 

3464  -1. 

0840  -0. 

8132  0. 

8472 

0. 

7287 

0.  601 

0. 

4294 

0. 

4969 

0. 

2582  -0. 

1209  -0. 

2089  -0. 

2326  -0. 

1988  -0. 

1649  -0. 

1209  -0. 

0634 

0. 

0143 

0.  00994 

0. 

0166 

1701.  5 

2.  62 

0. 

1698 

0. 

0162  -0. 

1203  -0. 

2167  -0. 

3079  -0. 

4243  -0. 

3476  -0. 

7028  -0. 

8649 

-0. 

9307 

36 

■1. 

0556 

-1. 

1653  -1. 

3290  -1. 

3881  -1. 

3949  -1. 

1467  -0. 

9020  -0. 

6421  0. 

9192 

0. 

6761 

0.  602 

0. 

3774 

0. 

4432 

0. 

2052  -0. 

1393  -0. 

2336  -0. 

2488  -0. 

2100  -0. 

1678  -0. 

1222  -0. 

0614 

0. 

0213 

0.  01056 

0. 

0152 

1706.  3 

2.  24 

0. 

1622 

0. 

0078  -0. 

1280  -0. 

2231  -0. 

3097  -0. 

4251  -0. 

3403  -0 

6848  -0. 

8342 

-0.  8933 

38 

■1. 

0056 

-1. 

0973  -1. 

2178  -1. 

2517  -1. 

2193  -1. 

0175  -0. 

7663  -0. 

3167  0. 

9600 

0. 

6138 

0.  600 

0. 

3342 

0 

3761 

0. 

1368  -0. 

2112  -0. 

2740  -0. 

2808  -0. 

2350  -0. 

1908  -0. 

1348  -0. 

0686 

0. 

0163 

0.  01118 

0. 

0121 

1696.  6 

1.  87 

0. 

1621 

0. 

0060  -0. 

1281  -0. 

2181  -0. 

2995  -0. 

4133  -0. 

5185  -0. 

6611  -0. 

7867 

-0. 

8410 

40 

•0. 

9330 

-1. 

0311  -1. 

1177  -1. 

1245  -1. 

0718  -0. 

8716  -0- 

6271  -0. 

3861  0. 

9972 

0. 

3440 

0.  399 

0 

2803 

0. 

2996 

0. 

0671  -0. 

2639  -0. 

3148  -0. 

3131  -0. 

2588  -0. 

2113  -0. 

1502  -0. 

0857 

0. 

0043 

0  01180 

0. 

0128 

1696.  8 

1.  48 

0. 

1647 

0. 

0094  -0. 

1188  -0. 

2083  -0. 

2876  -0. 

3973  -0.  4969  -0. 

6232  -0. 

7383 

-0. 

7855 

42 

-0. 

8784 

-0. 

9375  -0. 

9982  -0. 

9796  -0. 

9088  -0.  7147  -0. 

4716  -0. 

2333  1. 

0340 

0. 

4733 

0  602 

0 

2361 

0. 

2289 

0. 

0044  -0. 

3043  -0. 

3430  -0. 

3281  -0. 

2657  -0. 

2100  -0. 

1473  -0. 

0783 

0. 

0128 

0  01242 

0. 

0090 

1  706.  3 

1.  16 

0. 

1712 

0. 

0129  -0 

1182  -0 

2016  -0. 

2799  -0. 

3834  -0. 

4808  -0. 

5982  -0 

7106 

-0. 

7565 

44 

■0. 

8314 

-0. 

8876  -0. 

9283  -0 

8910  -0. 

8127  -0. 

6084  -0.  3616  -0. 

1216  1. 

0364 

0. 

4129 

0.  399 

0. 

1965 

0. 

1678 

-0. 

0552  -0. 

3497  -0. 

3769  -0. 

3480  -0. 

2782  -0. 

2237  -0. 

1390  -0. 

0838 

0. 

0129 

0  01304 

0. 

0086 

1691.  8 

0.  85 

o. 

1649 

0. 

0111  -0. 

1123  -0 

1931  -0. 

2711  -0. 

3743  -0 

4603  -0. 

3703  -0. 

6604 

-0 

7224 

46 

-0 

7748 

-0 

8203  -0 

8492  -0 

8036  -0 

7089  -0 

3078  -0 

2661  -0 

0311  1 

0641 

o. 

3323 

0  601 

0 

1606 

0. 

1007 

-0. 

1072  -0 

3893  -0. 

3996  -0. 

3390  -0. 

2897  -0. 

2272  -0. 

1613  -0 

0869 

0. 

0128 

0  01366 

0. 

0068 

1703  9 

0.  62 

0 

1669 

0. 

0144  -0 

1079  -0. 

1900  -0. 

2621  -0. 

3393  -0 

4448  -0 

3470  -0 

6339 

-0. 

6878 

48 

-0. 

7247 

-0. 

7382  -0 

7750  -0. 

7197  -0 

6174  -0. 

4096  -0 

1699  0 

0429  1 

0670 

0 

2960 

0  604 

0 

1309 

0. 

0463 

-0. 

1332  -0 

4146  -0. 

4163  -0 

3694  -0 

2923  -0 

2303  "0 

1616  -0 

0843 

0 

0161 

0  01428 

0 

0091 

1718  3  0  50 


0 

1664  0 

0078  -0 

1183 

-0 

2019 

-0 

8792 

-0  3699 

-0 

4393 

-0 

5930  -0 

6349 

-0 

6060 

90 

-0 

7116  -0 

7406  -0 

7323 

-0 

6894 

-0 

9871 

-0  304.3 

-0 

1334 

0 

0638  1 

0039 

0 

2384 

0  599 

0  1845 

0 

0093  -0 

1099  -0 

4482 

-0 

4394 

-0 

3026 

-0  2990 

-0 

2329 

-0 

1609  -0 

0876 

0. 

0129 

0  01490 
1689  4 

0  0019 
0  44 

0 

1673  0 

0188  -0 

1131 

-0 

1934 

-0 

2673 

-0  3388 

-0 

4434 

-0 

5411  -0 

6233 

-0 

6703 

38 

-0 

6978  -0 

7190  -0 

7840 

-0 

6619 

-0 

9596 

-C.  3613 

-0 

1131 

0 

0917  1 

0668 

0 

2410 

0  604 

0  1166 

0 

0010  -0 

1934  -0 

4387 

-0 

4303 

“0 

3783 

-0  8944 

-0 

2306 

-0 

1384  -0 

0889 

0 

0161 

0.  01938 
1719.  9 

0  0019 
0  53 

0 

1613  0 

0044  -0 

1228 

-0 

2066 

-0 

2009 

-0  3720 

-0 

4619 

-0 

9560  -0 

6387 

-0 

6809 

34 

-0 

7096  -0 

7263  -0 

7299 

-0 

669| 

-0 

3644 

-0  3607 

-0 

1172 

0 

0807  t 

071 1 

0 

2329 

0  602 

0  1206 

0 

0094  -0 

1914  -0 

4368 

“0 

4877 

-0 

3737 

-0  8927 

-0 

3286 

-0 

1994  -0 

0031 

0 

0111 

0  01614 
170*  3 

0  0000 
0  70 

0 

1647  0 

0061  *0 

1203 

-0 

2083 

-0 

2842 

-0  3821 

-0 

4682 

-0 

5729  -0 

6623 

-0 

6910 

36 

-0 

734V  -0 

7484  -0 

7333 

-0 

6944 

-0 

5963 

-0  4108 

~o 

1627 

0 

0263  1 

0711 

0 

2039 

0  602 

0  1479 

0 

0438  -0 

1644  -0 

4139 

-0 

4189 

-0 

3670 

-0  2809 

-0 

2201 

-0 

1343  -0 

081? 

0 

0128 

0  01676 
1706  3 

0  0002 
0  96 

0 

1388  0 

0044  -0 

1298 

-0 

8171 

-0 

8931 

-0  3938 

-0 

4898 

-0 

6024  -0 

6920 

-0 

7174 

38 

-0 

7731  -0 

7G84  -0 

7960 

-0 

7487 

-0 

6363 

-0  4807 

-0 

2337 

-0 

0447  1 

06**9 

0 

3390 

0  601 

0  104.6 

0 

1034  -0 

1140  -0 

3810 

-o 

3844 

-0 

3421 

-0  2610 

-o 

2103 

-0. 

1444  -0. 

0789 

0 

0149 

0  01738 
1703  9 

-0  0010 

1  29 

0 

1609  0 

0093  -0 

1231 

-0 

8134 

-0 

8943 

“0  3967 

-0 

497* 

-0 

6199  -0 

7173 

-0 

7423 

6G 

-0 

8079  -0 

0314  -0 

8449 

-0 

0018 

-0 

7890 

-0  3343 

-0 

3229 

-0 

1298  1 

0602 

0 

4123 

0  604 

0  2803 

0 

1773  -0 

0439  -0 

3896 

-0 

3480 

-0 

3161 

-0  2473 

“0 

1936 

-0 

1319  -0 

0660 

0 

0263 

0  01800 
1713  a 

-0  0003 
1  60 

0 

1977  0 

0010  -0 

1333 

-0 

880? 

-0 

3139 

-0  4238 

-o 

5266 

-0 

6947  -0 

?72'» 

-0 

0080 

68 

-0 

0082  -0 

9139  -0 

9412 

-0 

9073 

-0 

8483 

-0  6816 

-0 

4979 

-0 

2687  1 

0329 

0 

4830 

0  608 

0  8780 

0 

8407  0 

0161  -0 

8078 

-0 

3193 

-0 

2983 

-0.  2316 

“0 

1044 

-0 

1294  -0 

0648 

0 

0199 

0  0186? 
1708  7 

-0  0004 
2  13 

0 

1603  0 

ooio  -o 

1397 

-0 

8300 

“0 

3879 

-0  4397 

-0 

3482 

-0 

6906  ~0 

8177 

-0 

0720 

64 

-o 

9316  -0 

9991  -1 

0381 

-l 

0177 

-0 

9771 

>0  8076 

*0  9858 

-o 

40*2  1 

0163 

0 

9603 

0  600 

0  3211 

0 

3247  0 

0837  -0 

2397 

-0 

8881 

-o 

2719 

-0  2143 

-0. 

1719 

-o. 

1211  -0 

0634 

0 

0213 

0  01 923 
1699  1 

0  0011 
2  9? 

3-!  3 


Table  3 . 8 


ARA  RUN  89  P5TEP  1  AQARD  CASE  2  -  OSC.  PITCH 

(1=0.  60  R=4.  8*10*  OJc/Xv=0  0311  06^=3.16  at  =4.  39 

Damping 

+0.  2455 

0.  1627  0.  0061  -0.  1505  -0.  2646  -0.  3838  -0.  5182  -0.  6697  -0.  8723 

-1.  3285  -1.  5651  -1.  8937  -1.  8920  -1.  7677  -1.  5430  -1.  3200  -1.  1634 

0.  7057  0.  4725  0.  0622  -0.  0501  -0.  0978  -0.  0773  -0.  0634  -0.  0348 

-1.  0902 
0.  7517 
-0.  0024 

-1.  1889 
0.  9185 
0.  0520 

8 

0.  599 

0.  00000 
1691.  9 

0.  6384 
0.  0049 

0.  32 

0.  1378  -0.0078  -0.  1567  -0.2800  -0.4013  -0.  5419  -0.6754  -0.9253 

-2.  5277  -2.  4832  -2.  5465  -2.  4917  -2.  3959  -2.  2264  -1.  9491  -1.  7933 

0.9047  0.6958  0.2696  0.1018  0.0145  0.0008  -0.0112  -0.0026 

-1.  6769 
0.  3312 
0.  0128 

-2.  5089 

1.  0639 
0.  0470 

16 

0.  596 

0.  00248 
1682.  3 

0.  9280 
0.  0258 
7.  36 

0.  0812  -0.  0198  -0.  1464  -0.  2560  -0.  3570  -0.  4922  -0.  6138  -0.  7935 

-2.6732  -2.6578  -2.6800  -2.6355  -2.  5499  -2.3770  -2.  1117  -1.9662 

0.8910  0.6821  0.2490  0.0727  -0.0266  -0.0323  -0.0626  -0.0337 

-1.  6529 
0.  2113 
-0.  0352 

-2.  3086 

1.  0484 
-0.  0009 

24 

0.  596 

0.  00496 
1682  4 

0.  8720 
0.  0457 
6  00 

0.  1562  0.  0094  -0  1287  -0.  2323  -0.  3359  -0.  4741  -0.  6122  -0.  8091 

-1.  5205  -2.  2389  -2  3028  -2.  2873  -2  2113  -1.  9557  -1.  6930  -1.  3254 

0.  6011  0.  4359  0  0180  -0.  1218  -0.  1823  ~0.  1719  -  0.  1529  -0  1132 

-0.  9956 
0  6052 
-0.  0648 

-0.  9921 

0.  8935 
0.  0042 

32 

0  594 
0.  00745 
1667.  8 

0  5878 
0.  03  73 
3.  08 

0  1677  0.0196  -0  1081  -0.  1932  -0  2749  -0.3804  -0.4774  -0  6102 

-  0.  8060  -0  9711  -1  0630  -1  0306  -0  9728  -0.  7651  -0  5370  -0  2698 

0.  2596  0.  0366  -0  2902  -0  3413  -0  3276  -0.  2698  -0.  2221  -0.  1506 

-0.  7396 
1.  0086 
-0.  0825 

-0.  7804 

0  5098 

0  0111 

40 
0.  599 

0  00993 
1691  9 

0  2327 
0.  0150 
0  86 

0  1788  0  0349  -0  0802  0  1462  -0  2072  -0  2833  -0  3510  -0  4289 
-0  5169  -0  5169  -0  4949  -0  3764  -0.  2275  -0.  0040  0  2363  0  4310 
-02833  -0  4374  -0  6134  -0  5559  -0  4645  -0  3527  -0  2698  "0  1835 

-0  4678 

1  0877 
-0  0955 

-0  4949 
•0  0430 

0  0146 

48 

0  601 

0  01241 
1701.  4 

0  0525 
0  0047 
-1  30 

0  1680  0  0144  -0  1054  -0  1763  -0  2421  -0  3164  -0  3856  -C  4598 
-0  4987  -0  4750  -C  4328  -  C  3215  -0  Hl.il  0  0195  0  2676  0  4515 
-0.  3738  -0  5054  -0  6489  -0  5594  -0  4565  -0  3333  -0.  2573  -0.  1712 

-0  4835 

1  0676 
-0  0885 

-0  4902 
-0  1426 

0  0170 

56 

0  601 

0.  01490 
1706  4 

>0  03 76 
-0  0073 
0  57 

0  1606  0  0129  -0  1272  -0  ?210  -0  3078  '0  4159  0  5134  -0  6434 

-0  0446  -0  0699  -0  8834  -0  0378  -0  7703  -0  6049  -0  3838  -0  1964 

0  2374  0  Oil?  -0  2842  -0  3095  -o  2798  -0  2116  -0  1610  -0  1070 

-0  7484 

1  0644 
-0  0479 

•0  7855 

0  4  787 

0  0348 

64 

0  602 

0  01738 
1706  3 

0  2686 
•0  0044 
3  38 

Tablo  3 

.9 

ARA 

PUN  07 

PBTEP  3 

AGARS  CASE  3  -  OSC  PITCH 

H«0  60  8*4  8*10* 

uic/2 

v»0  0810 

o--j4  t  <4 

°v 

>2  44  Oataping 

*0 

?63’>? 

0 

145b  -0 

0QO«  -0 

1959  -0 

2’39 

•0 

3094  -0 

9377  '0 

6929 

-0 

8035  *  1 

049? 

••1 

4691 

R 

-2 

H«3  -2 

1683  -? 

8748  -? 

2049 

09<»3  -1 

916»  -1 

6740 

-1 

4941  0 

9072 

0 

91)46 

0  998 

0 

’io;-' 

0 

7953  0 

9669  0 

1475  0 

01  12 

•0 

0593  -0 

0993  *0 

0519 

-0 

0349  0 

0059 

0 

0436 

0  00000 

0 

01*0 

1609  4 

5  75 

0 

1  -0 

0077  -0 

I6?0  -0 

8706 

■0 

3900  -P 

S?7 3  -p 

4729 

-0 

3083  -1 

61179 

-B 

9365 

16 

'Si 

5640  -2 

9434  -S 

969!  -a 

9160 

-a 

4320  -2 

2682  -1 

9969 

-t 

0130  0 

2021 

1 

0490 

0  996 

0 

9064 

0 

0073  0 

6747  0 

8?  1  ?  0 

0049 

•0 

0000  -0 

0100  -0 

0269 

“0 

0100  0 

0043 

0 

0420 

0  00240 

0  020? 

1679  0 

6  97 

0 

llfrtl  -0 

01  to  -0 

14(15  "0 

2900 

-0 

3657  -0 

9032  -0 

6373 

-0 

7731  -1 

9573 

-1 

9307 

34 

-2 

5091 

5f!93 

1,012  -2 

6937 

-2 

4024  -a 

3109  -? 

0410 

-1 

0830  0 

2700 

1 

0329 

P  600 

0 

0430 

0 

0760  0 

6612  0 

2318  0 

0694 

-0 

0362  -0 

0419  0 

0517 

“0 

0449  -0 

0213 

0 

0213 

0  00496 

0 

03?(» 

1696  r 

6  5/ 

0 

1423  "0 

0089  -0 

l«2?  -0 

2539 

-0 

3964  -0 

SOI/  *0 

6433 

-0 

0265  -0 

9274 

-1 

8044 

32 

-2 

3370  -2 

4062  -2 

4369  -2 

3929 

-a 

3241  -2 

1070  -1 

8796 

-1 

5360  0 

4761 

0 

9400 

0  997 

0 

6985 

0 

7616  0 

9274  0 

1103  -0 

0402 

-0 

1009  -0 

1060  '0 

1047 

-0 

0012  -0 

0402 

0 

0197 

0  0074S 

0 

03J3 

1604  7 

3  it 

0 

1 620  0 

01 12  -0 

1270  -0 

8346 

-0 

3299  -0 

4634  -0 

5990 

-0 

7004  -0 

9906 

“1 

099? 

CO 

-  i 

22”>  ..| 

9917  -  1 

9331  -1 

9839 

-4 

4900  -l 

6602  -1 

3940 

-1 

1110  0 

7197 

0 

83e4 

0  601 

0 

5402 

0 

6248  0 

3007  -0 

0126  -0 

1261 

'0 

1702  -0 

1916  -0 

4270 

-0 

0909  -0 

0397 

0 

0290 

0  00993 

0 

0215 

1699  0 

3  49 

0 

1715  0 

0129  -0 

1806  -0 

239! 

•0 

3199  -0 

4456  -0 

9646 

-0 

7104  -0 

09156 

-0 

9605 

40 

-l 

0701  -1 

1793  -1 

3304  -l 

3910 

-1 

4071  -1 

1707  -0 

4281 

-0 

6779  0 

9131 

0 

6*>32 

0  999 

0 

4013 

0 

4613  0 

3179  -O 

1473  -0 

2223 

-0 

2377  -O 

1967  -0 

1592 

-0 

1C90  -0 

0939 

0 

0300 

0  0)241 

0 

Ot  1  1 

1689  4 

2  43 

0 

1 704  0 

0070  -0 

1310  -0 

2329 

-0 

3209  “O 

4424  -0 

9626 

-0 

7116  -0 

8673 

-0 

9316 

96 

-1 

0332  -1 

1077  -1 

2079  -1 

2312 

-1 

8312  -1 

0916  -0 

8131 

-0 

9990  0 

9924 

0 

6697 

0  601 

0 

3076 

0 

4399  0 

1940  -0 

1900  -0 

224 1 

-0 

2300  -0 

1034  -0 

1496 

-0 

1022  -0 

0463 

0 

0349 

0  0)490 

0 

0090 

1701  4 

.?  67 

0 

1667  0 

0049  -0 

1443  -0 

8925 

-0 

3996  -0 

4708  -0 

6349 

-0 

0006  -1 

0081 

-1 

!p?a 

64 

-1 

2177  -1 

3096  -1 

9099  -1 

6064 

-l 

6267  -1 

4019  -1 

1099 

“1 

0030  0 

7838 

0 

8327 

0  602 

0 

9433 

0 

6164  0 

3679  -0 

01*1  -0 

1103 

-0 

1460  -0. 

4189  -0 

0970 

-0 

0632  -0 

0220 

0  04*7 

0  01738 

0 

0048 

1703  0 

4.  28 

3-14 


Table  3.10 


ARA 

RUN  128 

PSTEP  1 

AQARD  CASE  5  ~  OSC  PITCH 

M=0.  755  R=3 

>  3*1(7 

<UC/2v=C 

*  0814  6<  =0.016  0C=2  51  Damping 

fit  * 

+0.  07790 

0. 

2054  0. 

0433  -0. 

0990  -0. 

2030  -0. 

2999  -0.  4138  -0  3236  -0. 

8831  -0  8399 

-0.  8003 

4 

-0. 

7376  -0. 

6636  -0. 

3773  -0. 

4466  -0. 

2831  -0.0681  0  1784  0. 

3634  1  1623 

0.  2413 

0.  734 

0. 

1008 

-0. 

0003  -0. 

2284  -0. 

6316  -0. 

7290  -0. 

4183  -0.3317  -0.2533  -0. 

1394  -0.0718 

0  0416 

0  OOOOO 

-0. 

0074 

2336.  0 

1.  09 

0. 

2089  0. 

0531  -0. 

0803  -0. 

1731  -0. 

2600  -0.  4778  -1.  1719  -1. 

1411  -1.  0537 

-1.  0242 

8 

-0. 

9639  -0. 

8741  -0. 

7963  -0. 

6698  -0. 

3304  -0.  3326  -0.  0889  0. 

0944  1  1565 

0.  3129 

0.  735 

0. 

3436 

0. 

2729  0. 

0341  -0. 

3424  -0. 

4249  -0. 

3818  -0  2735  -0  2071  -0 

1295  -0.  0332 

0.  0314 

0.  00200 

-0. 

0036 

2340  2 

2.  34 

0. 

1996  0. 

0807  -0. 

0370  -0. 

1204  -0. 

3322  -0.  3938  -1.2310  -1. 

1995  -1  1272 

-1.  0794 

12 

-t. 

0303  -0. 

9616  -0. 

8967  -0. 

7470  -0. 

6363  -0.4184  -0.  1609  0. 

0267  1.  1426 

0.  5700 

0.  737 

0. 

4001 

0. 

3357  0. 

1013  -0. 

2786  -0. 

3779  -0. 

3595  -0.2713  -0  2124  -0. 

1388  -0. 0367 

0.  0488 

0  00399 

-0. 

0013 

2348.  6 

2.  01 

0. 

2072  0. 

0713  -0. 

0460  -0. 

1132  -0. 

1794  -0.  4018  -1. 2010  -1. 

1442  -1  0602 

-0  9984 

16 

-0. 

9688  -0. 

9093  -0, 

8280  -0. 

7037  -0. 

3364  -0.  2807  -0.  0127  0. 

1899  1  1547 

0.  4308 

0  733 

0. 

2392 

0. 

1825  -0. 

0399  -0. 

4265  -O. 

3167  -0. 

4697  -0.  3386  -0.  2746  -0. 

1831  -0.0831 

0.  0330 

0  00399 

0. 

0126 

2331.  S 

0.  52 

0. 

2139  0. 

0613  -0. 

0618  -0. 

1480  -0. 

2243  -0.3154  -0.3400  -0. 

8619  -0.  8471 

-0  7693 

20 

-0. 

7412  -0. 

6982  -0. 

6108  -0. 

4434  -0. 

2403  0.0010  0.2730  0. 

4749  1  1617 

0.  1738 

0  753 

-0. 

0021 

-0. 

0766  -0. 

2821  -0. 

6502  -0. 

7412  -0. 

6083  -0.  4384  -0.  3178  -0. 

2033  -0  0926 

0.  0404 

0.  00799 

0. 

0138 

2339.  8 

-1.  23 

0. 

2057  0. 

0389  -0. 

0621  -0. 

1410  -0. 

2064  -0.  2933  -0.  3792  -0. 

4742  -0.  4903 

-0.  4913 

24 

-0. 

4606  -0. 

3989  -0. 

3187  -0 

1472  0. 

0313  0.2933  0  3303  0. 

6981  1  1251 

-0.  1063 

0  733 

-0. 

2423 

-0. 

3382  -0. 

3088  -0. 

8679  -1. 

0337  -1. 

0739  -0.  4668  -0  3076  -0. 

2040  -0  0991 

0.  0391 

0  00999 

0. 

0044 

2333.  9 

-2.  41 

0. 

2138  0. 

0634  -O 

0363  -0. 

1408  -0. 

2093  -0.  2839  -0  3634  -0. 

4417  -0  4283 

-0.  4238 

28 

-0. 

3793  -0 

3072  -O 

2301  -Q. 

0711  0 

1148  0.3422  0  3836  0. 

7410  1  1066 

-0.  1788 

0  738 

-0 

2911 

-0. 

4307  -0. 

3306  -O. 

9321  ‘1. 

0862  -1. 

1694  -0.3848  -0  2813  -0 

1494  -0.  0389 

0.  0373 

0.  01199 

-0. 

0017 

2334.  8 

-2.  00 

0. 

2183  0 

0362  -0 

0763  -0 

1709  -0. 

2319  -0  3488  -0  4438  -0 

3624  -0  3600 

-0  3428 

32 

-0 

3072  -0. 

4237  -0. 

3464  -0. 

1934  -0 

0174  01937  04478  0 

6111  1  1413 

-0  0371 

0  737 

-o. 

1323 

-0. 

2924  -0. 

4603  -0 

8239  -1. 

0134  -1 

0643  -0.  3366  -0  2187  -0 

1463  -0.  0367 

0  0338 

0  01399 

-0 

0109 

2344.  3  -0.  54 


Table  3.11 


ARA  RUN  218  AGARD  CASE  6  -  RAMP 

11=0.  3  R=2.  7*106  oi  c/v=0.  0254S  Rad 


0. 

1542  0. 

0110  -o. 

1266  -0. 

1432  -0. 

1927  -0. 

2973  -0. 

3414  -0.  4184  -0. 

4403 

-0. 

4350 

136 

~0. 

4515  -0. 

4790  -0. 

4680  -0. 

4129  -0. 

2973  -0. 

1397  -0. 

0163  0.  1982  1. 

0186 

0. 

0330 

0.  304 

0. 

0232 

'0. 

2478  -0. 

3524  -0. 

4460  -0. 

3799  -0. 

3469  -0. 

2698  -0. 

1982  -0.  1542  -0. 

0661 

-0. 

0165 

0. 

00000 

0. 

0009 

523  1 

- 

-0.  03 

0. 

I486  0. 

0057  -0. 

1486  -0. 

5  772  -0. 

2344  -0. 

3430  -0. 

4001  -0.  3087  -0. 

5430 

-0. 

5316 

145 

-0. 

5716  -0. 

6002  -0. 

6116  -0. 

5659  -0. 

4744  -0. 

3658  -0. 

2401  -0.0229  1. 

0632 

0. 

2458 

0.  298 

0. 

1331 

-0. 

0629  -0. 

2001  -0 

3544  -0. 

3087  -0. 

2913  -0. 

2286  -0. 

1601  -0.  1315  -0. 

0457 

-0. 

01 14 

0. 

00352 

-0. 

0028 

503.  8 

1.  08 

0. 

1406  -0. 

0056  -0. 

1519  -0. 

1856  -0. 

2362  -0. 

3656  -0. 

4162  -0.  5230  -0. 

5961 

-0. 

5849 

148 

“0. 

6355  -0. 

6805  -0. 

7086  -0 

6974  -0. 

6468  -0. 

5680  -0. 

4724  -0.2643  1. 

0348 

0. 

4218 

0  300 

0. 

2097 

0. 

1125  -0. 

0450  -0. 

2475  -0. 

2418  -0. 

2475  -0. 

1856  -0. 

1350  -0.  1012  -0. 

0394 

-0. 

0056 

0. 

00469 

-0. 

0024 

512  1 

1.  86 

0. 

1454  -0 

0168  -0. 

1790  -0. 

2126  -0 

2741  -0. 

4084  -0. 

4867  -0  5986  -0. 

6825 

-0. 

6937 

151 

-0. 

7664  -0. 

8279  -0 

0671  -0. 

8950  -0. 

8894  -0. 

8615  -0. 

8279  -0.  6263  0. 

9845 

0. 

5986 

0.  301 

0. 

3253 

0 

2853  0. 

1063  -0. 

1454  -0. 

1846  -0. 

1790  -0. 

1343  -0. 

1007  -0.  0895  -0 

0112 

0. 

0056 

0 

00586 

-0 

0058 

514.  8 

2.  94 

0. 

1494  -0. 

0057  -0 

1839  -0. 

2299  -0. 

2989  -0. 

4541  -0. 

3403  -0.  6782  -0. 

7932 

-0. 

8276 

154 

-0 

9139  -0 

9828  -1 

0748  -1 

1495  -1. 

2012  -1. 

2185  -1 

2587  -1.0805  0. 

9139 

0. 

7932 

0  297 

0 

4500 

0 

4943  0. 

2816  -0. 

0287  -0 

0920  -0. 

1264  -0. 

0977  -0. 

0632  -0.  0460  0. 

0172 

0. 

0230 

0 

00703 

-0. 

0051 

301  1 

4  14 

0 

1352  -0 

0353  -0 

2057  -0. 

2703  -0. 

3526  -0. 

5172  -0 

6053  -0.  7640  -0. 

9050 

-0 

9638 

156 

-1 

0637  -1 

1342  -1 

2635  -1 

.3575  -1 

4751  -1. 

3515  -1. 

6338  -1.4860  0. 

8463 

0 

8933 

0  294 

0 

5494 

0 

5994  0 

3702  0 

0353  -0 

0588  -0 

1058  -0 

0764  -0 

0529  -o  0411  0 

0118 

0 

0118 

0 

00782 

-0. 

0061 

490  1 

4.  9? 

0 

1463  -0 

0054  -0. 

1843  -0 

2331  -0. 

3252  -0 

4770  -0 

3637  -0.  7318  -0 

8781 

-0 

9486 

158 

"1 

0624  -1 

1437  ~1 

2901  -1 

4201  -1 

5^90  -1 

7399  -1 

0917  •  1.7562  0 

6938 

0 

9377 

0  306 

0 

5959 

0 

6830  0 

4824  0 

1409  0 

0325  -0. 

0217  -0. 

0034  -0 

0000  -0  0000  0 

0488 

0 

0434 

0 

00860 

-0 

0048 

531  J 

5  04 

0 

1510  -0 

0112  -0 

1958  -0 

2573  -0 

3924  -0 

3203  -0 

6263  -0  8036  -0 

9846 

-1 

0685 

160 

-1 

1 9? 1  -1 

3146  -1 

4768  '1 

6670  -1 

9244  -2 

1313  -2 

3495  -2  2600  0 

3818 

1 

0797 

0  301 

0 

7064 

0 

7Q3P  Q 

3906  0 

2294  0 

0931  0 

0234  0 

0224  0 

0336  0.  0200  0 

0615 

0 

0903 

0 

00930 

-0 

0045 

914  8 

6  72 

0 

1258  -0 

0289  -0 

2058  -0 

2801  -e 

3944  -0 

3773  -0 

7145  -0  9009  -  l 

1379 

-l 

2404 

163 

-l 

41)9  -i 

3605  -1 

7949  -3 

0642  -2. 

4236  -a 

?666  -3 

14JV  -3  1324  0 

3007 

1 

0061 

0  290 

0 

8499 

0 

9089  0 

7299  0 

3313  0 

1715  0 

0686  0 

05?2  0 

0372  0  0400  0 

0686 

0 

0457 

0 

01059 

0 

0005 

503  8 

11  OP 

0 

i o«;  -o 

0343  -0 

51 r?  -o 

3029  -0 

4?30  -0 

6116  '0 

7602  -0  9*1?  -1 

234? 

-I 

3604 

169 

-l 

5314  -1 

7309  -1 

9033  -a 

3093  '2 

7265  -3 

1132  -3 

6929  -3  6993  0 

0915 

1 

0979 

0  290 

0 

9494 

0 

9431  0 

8060  0 

4038  0 

2286  O 

1086  0 

0857  0 

0743  0  05/3  C* 

0?43 

0 

0457 

0 

01 133 

0 

001  -i 

903  8 

0  91 

0 

OVfe„  -o 

0.190  -0 

2388  -0 

318«  -0 

4377  -0 

6424  -0 

7939  0347  -1 

3189 

-1 

4593 

16? 

-I 

6lM’(  -1 

864?  -8 

1603  -3 

3503 

0642  -3 

9C>?6  -4 

2933  -4  33/6  -0 

1291 

1 

0574 

0  29(1 

1 

0351 

0 

9664  O 

0527  0 

4710  0 

2729  0 

1470  0 

1144  0 

0966  0  06U2  0 

09 10 

0 

0512 

0 

01212 

0 

0018 

906  6 

4  85 

0 

0048  >0 

0339  -O 

2309  0 

3233  -C 

4*ii'3  “0 

6815  “0 

8199  -1  07*3 

3966 

"1 

5493 

169 

-1 

769»  -3 

0134  “2 

3333  -3 

787?  -3 

3012  ‘3 

4104  “4 

8004  -4  9531  -0 

3679 

1 

040* 

0  299 

1 

1270 

0 

4735  0 

9503  0 

3420  0 

3506  0 

S042  0 

1640  0 

1357  0  10)9  0 

1 131 

0 

06.'.’ 

0 

01240 

0 

0034 

504  4 

10  80 

0 

0747  -O 

0460  “0 

2414  -0 

3448  -0 

4770  -0 

6994  -0 

8736  -i  ts»a  -1 

5050 

“1 

6783 

171 

-1 

4358  “2 

8070  -3 

3744  -3 

0479  -3 

8270  -4 

4658  -3 

4486  “5  7303  -0 

6269 

0 

9443 

0  247 

1 

2931 

l 

0*60  0 

9030  0 

63 32  0 

4138  0 

2701  0 

2104  0 

1782  0  1322  0 

1322 

0 

07*7 

0 

01364 

0 

0030 

901  1 

1  1  ?6 

o 

0615  *0 

0342  -0 

2230  -0 

3300  -0 

4699  -0 

6936  -0 

0930  -l  1803  -1 

5551 

-1 

7369 

173 

-3 

0138  -2 

3150  -3 

7243  -3 

31 15  -4 

0947  -*  8650  -5 

9574  -6  3042  -0 

8030 

0 

0726 

0  301 

l 

3046 

0 

4348  0 

9789  0  6713  0 

4531  0 

2904  0 

23*4  0 

201*  0  1510  0 

1510 

0 

0703 

0 

0144? 

0 

00*6 

914  9 

13  83 

0 

0459  -0 

0513  -0 

2*45  -0 

3*11  “0 

4833  "0 

7277  -0 

4380  -1  2307  -1 

6771 

“1 

UVCH 

175 

“3 

1830  “2 

3841  -3 

9679  -3 

6440  -4 

9423  -*3 

42V l  -6 

*296  -7  6233  -1 

1945 

0 

7439 

0  249 

1 

*433 

0 

4437  1 

0403  0 

7618  0 

9*38  0 

3638  0 

312?  0 

2550  0  1076  0 

1/03 

0 

0910 

0 

01529 

0 

0069 

306  6 

13  88 

-0 

0834  -0 

0935  -0 

2630  -0 

3937  -0 

3610  -0 

8240  -1 

03??  -1  39fl»  -1 

0700 

-2 

1272 

178 

-a 

4603  -P 

0810  -3 

*393  -4 

3069  -3 

2*19  -6 

2938  -8 

0937  -0  7015  -l 

7006 

0 

6194 

0  24* 

1 

6368 

0 

870?  | 

0694  0 

8932  0 

6194  0 

4324  0 

3365  0 

28*3  0  2162  0 

1920 

0 

0435 

0  01642 

0  003b 

*92  B  15  *4 


Table  3  *12 


ARA  RUN  227  AGARD  CASE  7  -  RAMP 

M=0.  37  R=4.  6*106  U,  c /v=0.  0044  Rad 


0. 

189*?  0.  0429  -0. 

0776  -0. 

1352  -0. 

2279  -0. 

3072  -0. 

3881  -0.  4822  -0. 

3430  -0.  5334 

151 

-0. 

5979  -0.  3648  -0. 

5399  -0. 

4806  -0. 

3501  -0. 

1334  0. 

0661  0.2874  1. 

1082  0.  1107 

0.  613 

0.  0282 

-0. 

1433  -0.  3134  -0. 

3202  -0. 

4905  -0. 

4129  -0. 

3053  -0. 

2345  -0.  1552  -0. 

0694  0.  0347 

0.  00000 
1743.  8 

0.  0018 
-0.  01 

0. 

1933  0.  0413  -0. 

0859  -0. 

1731  -0. 

2544  -0. 

3370  -0. 

4294  -0.  5418  -0. 

6343  -0,  6423 

169 

-0. 

7233  -0.  6871  -0. 

7069  -0. 

6537  -0. 

3434  -0. 

3331  -0. 

1533  0.0611  1. 

1133  0.3138 

0.  613 

0.  1363 

0. 

0312  -0.  1434  -0. 

3931  -0. 

3981  -0. 

3436  -0. 

2593  -0. 

1966  -0.  1272  -0. 

0329  0.  0429 

0.  00698 
1743.  6 

0  0014 
0  98 

0. 

1919  0  0410  -0. 

0935  -0. 

1854  -0. 

2723  -0. 

3707  -0. 

4790  -0.  6184  -0. 

7382  -0.  7693 

180 

-0. 

8743  -0.  8514  -0. 

9088  -0. 

8924  -0. 

8251  -0. 

6496  -0. 

4708  -0.2264  1. 

0826  0.  5216 

0.  615 

0.  2540 

0 

2641  0.  0377  -0. 

2575  -0. 

3035  -0. 

2789  -0. 

2116  -0. 

1624  -0.  1066  -0. 

0344  0.  0476 

0.  01126 
1755.  7 

0.  0043 

1  97 

0. 

1883  0  0347  -0 

1058  -0 

2084  -0. 

3076  -0. 

4134  -0. 

3391  -0.  7012  -0. 

8333  -0.  9178 

189 

-1. 

0468  -1.  0501  -l. 

1527  -1. 

3  725  -1. 

1310  -0. 

9823  -0. 

8136  -0.  3689  1. 

0286  0  6946 

0.  612 

0  3798 

0. 

4432  0  2067  -0 

1406  -0 

2166  -0. 

2150  -0. 

1703  -0. 

1306  -0.0827  -0. 

0213  0.0496 

0  01475 
1741  5 

0.  0059 
2.  93 

0. 

1921  0  0331  -0. 

1143  -0 

2219  -0. 

3293  -0. 

4408  -0. 

5943  -0.  7733  -0. 

9737  -1.  0664 

197 

-1 

2271  -1  2486  -1 

4722  -1. 

4788  -1. 

3450  -1. 

3016  -1 

1509  -0.  9141  0. 

9356  0  8330 

0  612 

0  5050 

0. 

3962  0  3311  -0 

0263  -0 

1292  -0. 

1307  -0. 

1225  -0. 

0927  -0.  0346  -0. 

0050  0.  0380 

0  01786 
1739  2 

0-  0083 
3.  94 

0 

1805  0  0331  “0 

1159  -0 

2318  -0. 

3444  -0. 

4720  -0 

6276  -0.  8230  -1 

0317  -1.  1128 

203 

-1 

3496  -1  7586  -1 

8216  -1 

8696  -1. 

7901  -1. 

3699  -1. 

3993  -1.  1724  0. 

8462  0  9191 

0  612 

0  6105 

0 

•6988  0  4387  0 

0696  -0 

0330  -0 

0977  -0. 

0828  -0. 

0629  -0.  0348  0 

0083  0.  0613 

0  02019 
1739  2 

0.  0129 
4  79 

0 

1753  0  0313  -0 

1176  -0 

2335  -0. 

3544  -0. 

4832  -0 

6376  -0.8214  -1. 

1377  -1.  7603 

210 

-2. 

1528  -2  1114  -2 

1561  -2. 

1213  -2. 

0236  -1. 

8497  -1 

6692  -1  4341  0 

7203  0  9932 

0  612 

0  7425 

0. 

7949  0  5746  0 

1636  0 

0199  -0. 

0364  -0. 

0301  -0. 

0313  -0.0116  0. 

0232  0  0662 

0  02291 
1739  2 

0  0212 
5  79 

0 

1648  0  0230  -0 

1232  -0 

2398  -0 

3580  *0 

4843  -0. 

6211  -0.8923  -1 

5152  -2  3228 

216 

_  *1 

4027  -2  3344  -2 

3344  -2 

3129  -2 

2412  -2. 

0514  -l 

8699  -1  61B4  0 

6094  1 .  0940 

0  610 

0  8628 

0 

8792  0  6694  0 

2314  0 

0899  0 

0117  0 

0017  -0. 

0017  0  0003  0 

0366  0  0699 

0  02923 
1729  7 

0  0263 
6  70 

0 

0747  -0  0000  -0 

1279  -0 

2400  -0 

3733  -0 

6027  -0 

9083  -1  2234  -1 

9979  -l  6094 

223 

-l 

7983  -2  3272  -2 

3239  -2 

4073  -2 

4139  -2 

3483  -2 

0324  -1.9243  0 

4666  1  0843 

0  610 

0  9973 

0 

9313  0  7336  0 

3234  0. 

1461  0 

0398  0. 

0349  0 

0183  0  0199  C 

0319  0.0469 

0  02799 
1734  9 

O  0103 
7  75 

-0 

0616  -0  1QB3  -0 

2664  -0 

3912  -0 

6036  -0 

7079  -0 

0224  -|  0421  -1 

3784  -1  5898 

229 

-1 

7397  -2  0410  -2 

6393  -2 

6034  -3 

3404  -a 

3873  -2 

1958  -2  1492  0 

3446  1  1037 

0  609 

0  9070 

0 

9706  0  7774  0 

3662  0 

1798  0. 

0749  0 

0383  0 

0183  0  0017  0 

0033  -0  0090 

0  03028 
1730  0 

-0.  0108 
8  73 

-o 

0789  -0  1337  -0 

8467  -O 

3336  -0 

4163  -O 

6143  -0 

8329  -l  1749  -1 

4704  -1  5912 

239 

-l 

6363  -l  7093  -2 

1 1B3  -2 

6117  -2 

6470  -3. 

5060  -2 

3331  -3  3079  0 

2383  l  1209 

0  606 

0  V09? 

0 

9970  0  8107  0 

3978  0 

3031  0 

0839  0 

0436  0. 

0117  -0.  0117  -0 

0201  -0.  0420 

0.  03261 
1719  0 

0  0026 
9.  60 

-0 

1892  -0  2230  -0 

3060  -0 

3806  -0 

9642  -0 

7199  -0 

94*3  -i  1932  “1 

4267  -1  472 7 

2*1 

-l 

SMS  -1  6403 

7B47  -2 

3671  "2 

6063  -2 

9249  -2 

4716  -2  4963  0 

1398  1  1386 

0  601 

0  9823 

1 

0176  0  8404  0 

4261  0 

2131  0 

0938  0. 

0436  -0 

0034  -0  0350  -0 

0963  -0  0972 

0  03*93 
1689  6 

-0  01*7 
10  63 

-0 

2064  “0  3000  -0 

4330  -0 

4892  -0 

3*33  -0 

6929  -0 

7694  -l  0466  -1 

3018  -1  39** 

2*0 

-1 

3103  -1  6961  -2 

0694  -2 

7410  “3. 

B073  -3 

6043  -3 

4*44  ~2  9999  0 

032*  1  1499 

0  601 

l  0090 

t 

0483  O  8047  O 

4739  0 

2906  0 

1310  0 

0949  0 

0034  ~0  0409  -0 

0733  -0  1381 

0  03769 
1689  9 

-0  0170 
11  7* 

-0 

4212  -0  4303  -0 

3644  -0 

3306  *0 

3783  -0 

7388  -0 

83B9  -1  0132  -l 

1030  -l  2221 

P94 

-1 

4273  -1  6830  -1 

9988  -3 

3044  -3 

046*  -2  8333  -3 

6997  -2  6910  -0 

0742  1  1479 

0  595 

0  9920 

1 

0381  0  8939  0 

4799  0  2337  0 

1033  0. 

0339  -0  0343  -fl  0929  -0 

1329  -0  3128 

0  03999 
1668  9 

“0  0340 
12  70 

-0 

3783  -0  4944  -0 

3791  -0 

6030  -0 

6633  -0 

7917  *0 

8418  -1  0440  •  1 

1391  -1  2463 

260 

-l 

3989  -1  7631  “1 

9342  -3 

3471  -2 

8*3*  -2  8337  -2 

7729  -2  0012  -0 

1990  1  1443 

0  99S 

1  0459 

1 

0663  0  9282  0 

3337  0 

2904  0 

1383  0 

0632  -0 

0069  -0.0674  -0 

1210  -O  2109 

0  0*232 
1666  2 

-0  0466 
13  72 

■0 

3402  -0  6507  -0 

O 

t 

© 

* 

6682  -0 

6349  -0 

7823  -0 

7897  -0  0910  *-1 

1909  -1  1347 

266 

-1 

2014  -1  4767  -1 

6063  -1 

0433  -3 

2344  -2 

6049  -3 

6710  -2  4063  -O 

2978  t  1610 

0  590 

1  0192 

l 

0979  0  9734  0 

3683  0 

3337  0 

1649  0 

0772  “0 

0018  -O  0794  -0 

1368  -O  2420 

0  04*64 
1642.  1 

-0  0729 
14  80 
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Table  3.13 

ARA  RUN  230  AOARD  CASE  S  -  RAMP 

M=0.  36  R=4.  3«106  <*.cA“*0.  01492  Rad 


0. 

1932  0. 

0446  -0. 

0710  -0.  1486  -0. 

2246  -0.  29/3  -0. 

3766  -O. 

4724  -0. 

333! 

-0. 

3283 

64 

-0. 

3814  -0. 

5333  -0. 

3333  -0.  4691  -0. 

3333  -0.  1136  0. 

0826  0. 

2940  1 . 

1099 

0. 

1090 

0  o!3 

0. 

0230 

-0. 

1470  -0. 

3122  -0. 

5170  -0.  4903  -0. 

4113  -0.2973  -0. 

2256  -0. 

1486  -0. 

0628 

0. 

0380 

0.  00000 

0. 

0014 

1743.  7 

■0.  01 

0. 

1896  0. 

0316  -0 

0931  -0  1829  -0. 

2611  -0.3476  -0. 

4390  -0. 

3304  -0. 

6336 

-0 

64  32 

74 

-0. 

7018  -0. 

6668  -0. 

6885  -0.  6233  -0. 

3103  -0.  3226  -0. 

1231  0. 

0813  1. 

1125 

0. 

2877 

0.  610 

0. 

1303 

0. 

0216  -0. 

1680  -0. 

4137  -0.  4174  -0. 

3492  -0.  2627  -0 

1979  -0. 

i  280  -0. 

0332 

0. 

0349 

0.  00308 

-0. 

0009 

1731.  9 

1.  08 

0. 

1803  0. 

0248  -0 

1076  -0  1987  -0 

2848  -0.  3776  -0. 

4769  -0. 

o06l  -0. 

7088 

-0 

7336 

77 

-0. 

8065  -0 

7767  -0 

8131  -0  7717  -0. 

6806  -0  5084  -0 

3213  -0 

0927  1 

1045 

0 

4372 

0  612 

0 

2184 

0. 

1735  -0. 

0397  -0. 

3179  -0.  3428  -0. 

2997  -0.  2236  -0. 

1722  -0. 

1093  -0. 

0431 

0. 

0348 

0.  00503 

-0. 

0013 

1739  1 

l.  90 

0. 

1832  0. 

0266  -0 

1132  -0  2148  -0. 

3147  -0  4196  -0 

3345  -0 

6894  -0 

82*3 

-0. 

8859 

80 

-0. 

9758  -0. 

9609  -1 

0208  -i.  0058  -0 

9623  -0.  7977  -0. 

6228  -0. 

4163  1 

0924 

0. 

6328 

0  610 

0 

3438 

0. 

3747  0 

1363  -0. 

1865  -0.  2490  -0. 

2331  -0  1732  -0. 

1349  -0. 

0799  -0 

0200 

0 

0466 

0  00621 

•0 

0006 

1729  3 

2  96 

0, 

1850  0 

0330  -0 

1140  -0  2213  -0 

3270  -0.  4393  -0 

3731  -0 

7333  -0. 

9017 

-0. 

9827 

82 

-1 

0884  -1 

0884  -1 

1776  -1  1825  -1. 

1776  -1.  0223  -0 

8621  -0. 

6639  1 

0553 

0 

7481 

0  613 

0 

4342 

0 

3034  0. 

2626  -0. 

0941  -0.  1767  -0 

1784  -0  1321  -0. 

0974  -0. 

0343  -0. 

0050 

0. 

0562 

0  00699 

0. 

0005 

1743  a 

1  83 

0 

1 79*  0 

0266  -0 

1229  -0  2391  -0 

...•■04  -0.  4  716  -0. 

6161  -0 

8021  -l 

0064 

-1 

1127 

84 

-1 

2432  -1 

2638  -1 

4099  -1  4348  -1 

47«»7  -l  2/04  -1 

1127  -0 

9283  1. 

0230 

0 

8602 

0  611 

0 

5422 

0 

6277  0 

3853  0 

0017  -0  0996  -0 

tr.29  -0  0913  -0. 

0681  -0. 

0332  0 

0003 

0 

0648 

0  00776 

0 

001  1 

1/34  2 

4  70 

0 

1730  0 

0266  -0 

1281  -0  2478  -0 

3673  -0  3006  -0 

6369  -0. 

8361  -1 

0727 

- 1 

2124 

e* 

"1 

4618  -1 

6348  “1 

7213  -1  8510  -i 

7'146  -1  5417  -1 

3604  -1 

1874  0 

9762 

0 

954* 

0  oil 

0 

6552 

0 

7434  0 

5106  0 

1081  -0  0233  -0. 

0665  -0  0466  -0 

0333  -0 

0033  0 

0249 

0 

0692 

0  00834 

0 

0049 

1731  7 

5  67 

0 

0 

0278  -0 

1243  -0  ?4?4  -0 

370.9  •  0  502*  -  C- 

66tW  -0 

84  70  -  1 

174* 

■1 

6073 

88 

-s 

0381  ••  1 

9300  -1 

9839  -2  0232  -1 

9li»  -l  7512  -l 

5314  -1 

3036  0 

9092 

1 

0075 

0  616 

0 

7628 

0 

B15P  0 

6094  0 

1933  0  0473  -0 

OO 33  -0  00 i 6  0 

0033  0 

0213  0 

042a 

0 

0734 

f?  00931 

0 

0104 

l  '3W  0 

*  *0 

0 

1613  0 

0300  -0 

1314  -0  2561  -0 

3025  -0.  5U>2  -0 

6569  -0 

V44*  -1 

570S 

2 

31  1ft 

40 

"2 

3066  -2 

2234  -a 

2204  2484  -2 

1906  -1  9023  -1 

7777  -1 

SO'?  0 

3490 

1 

077* 

0  611 

0 

9000 

0 

9063  0 

7060  0 

2027  0  1214  0 

0499  0.  0302  0 

0333  0 

0399  0 

0363 

0  0015 

0  01009 

0 

0183 

1731  9 

7  37 

0 

!«"0  0 

0183  -0 

1393  -0  2408  -0 

3904  -0  3213  -0 

8752  ~1 

4116  ~1 

**4f 

2 

1703 

V2 

-2 

41*6  -2 

4030  -2 

4014  -a  4279  -a 

3316  -8  1782  -1 

95! 3  -1 

81)67  0 

7008 

1 

1  143 

0  *11 

1 

0333 

0 

9713  0 

7805  0 

3620  0  1077  0 

1030  0  0030  0 

0*81  O 

06*1  0 

0731 

0 

0000 

0  01086 

0 

OlSa 

1734  3 

e  85 

0 

0747  -0 

0000  -0 

1*02  -0  3280  ~0 

3631  -0  9049  -1 

331 9  -1 

4366  -1 

3906 

-l 

8753 

94 

“  1 

7240  -s 

2390  -2 

3993  -2  3670  -a 

4968  -2  35  >8  '-2 

! 3*6  -a 

1430  0 

693S 

1 

1348 

0  612 

1 

1209 

l 

0009  0 

0356  0 

4310  0  2444  0 

1450  0  1182  0  0039  0 

0710  0. 

0760 

0 

0710 

0  01 164 

-0 

0192 

1744  1 

9  85 

-0 

07,-6  .0 

2190  -  0 

4l»6  -0  3345  -ii 

t??09  -l  Ol 23  -1 

3103  -1 

3430  -1 

3*37 

'1 

2934 

4* 

-1 

:i??P  -i 

9435  -1 

6933  0046  -2 

2199  -2 .3200  -2 

3610  -2 

3399  0 

6260 

1 

1472 

0  60V 

1 

1567 

l 

0506  0 

0924  0 

4V12  0  2947  0 

t8lS  0  ;349  0 

093 3  0 

0649  0  0316 

0 

0117 

0  01241 

-0 

0750 

1729  7 

10  56 

“0 

2721  -0 

2038  -0 

3272  -0  4j«v>  ~D 

5976  -0.  8414  -1 

1136  -1 

3600  -1 

8027 

“1 

6749 

08 

-1 

70; 3  -1 

6SRB  “1 

62 1 !  -1  *312 

U4S2  "3  6689  -3 

3110  -2 

31*3  0 

54  76 

1 

1637 

0  600 

l 

0933 

1 

oeoa  o 

9333  0 

$30«  0  3172  0 

1333  0  liiw  0  0660  0 

0317  -0  0100 

•’0 

0902 

0  01319 

-0  0403 

1728  0 

it  *i 

-■<3 

3* It  -0 

*J»17  -0 

44 |U  -0  6331  -0 

7 eOS  -0  0*33  -0  8602  -1 

3806  -1 

8637 

-1 

8770 

500 

-l 

SKfOii  “1 

3820  -1 

3753  -1  3837  -1 

643*  -2  7373  -3 

6086  -2 

6072  0 

4660 

1 

1436 

0  600 

1 

1169 

1 

0719  0 

9365  0 

*410  0  3217  0 

1034  0  1167  0  0617  0  0193  -0 

0300 

-0  1030 

0  0139* 

“0  0899 

172  7  6 

t  J  69 

-0 

5488  -O 

o 

1 

I 

7003  -0  68BS  -0 

7121  -0  7643  -0 

924V  -l 

0103  -l 

*470 

-1 

*915 

102 

•  1 

5239 

6  -i 

6111  -1  3993  -1 

6882  -3  7941  -3 

7070  -2 

7121  0 

<040 

t 

1  717 

0  *03 

1 

1307 

1 

1111  0 

V03I  0 

3926  03636  02172  0.1440  00730  00133-00430 

-0 

1866 

0  0l«74 

-0 

0917 

1  710  8 

13  77 

-0 

4070  »0 

3932  -0 

6370  -0  6763  -0 

7071  -0  7501  “0 

0703  -0 

9093  -1 

152* 

-1 

2391 

104 

-1 

3972  -1 

6709  -1 

6760  -1  6390  “1 

69*7  -2  3037  -2 

6300  -2 

7970  0 

3330 

1 

1711 

0  602 

1 

0070 

t 

1235  J 

0063  0 

6136  0  3773  0 

3337  0  1343  0  0344  -0  0C04  -0  6384 

-O  3139 

0  01582 

-0  0775 

1674  3 

14  97 
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Table  3*14 


ARA  RUN  6  QUASI -STATIC 


11=0,  3 

i  R=2 

!  6*106 

aC  =10.  73  ot.  =11 

iTl  0 

.  16  1. 

8  Hi 

0. 

134*7  -0. 

0066  -0. 

1337  -0. 

1877  -0. 

2443  -0. 

3405  -0. 

3801  -0. 

4424  -0. 

4394  -0. 

4707 

80 

-0. 

4933  -0. 

3046  -0 

4877  -0. 

4367  -0. 

3179  -0 

1764  0. 

0160  0. 

2234  1 . 

0008  -0 

0292 

0  299 

0.  0140 

-0. 

3783  -0. 

3838  -0. 

5103  -0. 

4480  -0. 

3914  -0. 

3065  -0. 

2300  -0. 

1764  -0. 

1198  -C. 

0292 

0.  00000 

-0 

0013 

508.  9 

- 

-0.  12 

0 

1333  -0 

0306  -0 

1962  -0. 

2317  -0. 

2908  -0. 

3973  -0. 

4447  -0. 

3275  -0 

3571  -0. 

5926 

84 

-0. 

6321  -0 

6317  -0. 

6376  -0 

6340  -0. 

3334  -0. 

4328  -0. 

2334  -0 

0483  1 . 

0461  0 

2002 

0  293 

0. 

1123 

-0. 

0779  -0. 

2433  -0 

4338  -0. 

4032  -0. 

3359  -0. 

2968  -0 

2554  -0. 

1784  -0. 

1232  -0. 

0424 

0.  OHIO 

-0 

0012 

436.  8 

0.  69 

0 

1093  -0. 

0412  -0. 

2031  -0 

3610  -0.  3304  -0. 

4460  -0. 

3097  -0. 

6138  -0. 

6716  -0. 

7121 

88 

-0. 

7699  -0 

8333  -0. 

8740  -0. 

9039  -0. 

8798  -0 

8220  -0 

6947  -0 

4981  0. 

9247  0. 

4831 

0  296 

0. 

2514 

0, 

1901  -0. 

0007  -0. 

284 1  -0. 

3015  -0. 

2899  -0. 

2436  -0. 

2147  -0 

1569  -0. 

1164  -0. 

0470 

0.  02220 

0. 

0016 

498  0 

2.  04 

0 

1332  -0 

0344  0 

1976  -0. 

2593  -0. 

3270  -0. 

4364  -0. 

5127  -0 

6365  -0 

7153  -0 

7547 

90 

-0 

8371  -0. 

9179  -0 

9686  -1. 

0361  -1 

0473  -1. 

0473  -0 

9573  -0. 

7941  0 

7929  0. 

6128 

0  300 

0 

3288 

0 

3238  0 

1232  -0. 

1807  -0 

3301  -0 

2370  -0. 

2088  -0 

1694  -0 

1075  -0. 

0794  -0. 

0287 

0  02775 

0. 

0010 

311.  a 

2.  84 

0 

1259  -0 

0351  -0. 

2077  -0 

2824  -0 

3513  ”0. 

4952  -0. 

5758  -0. 

7023  -0. 

7943  -0 

8806 

90 

-0 

9439  -1 

0704  -1. 

1634  -1 

3602  -1. 

3292  -1. 

3694  -1 

3464  -1. 

2026  0. 

6433  0 

7643 

0  297 

0 

4340 

0 

4767  0 

2382  -0 

0869  -0 

1617  -0 

1904  -0. 

1302  -0. 

1387  -0 

0984  -0. 

0696  -0- 

0179 

0.  03330 

o 

0011 

300  8 

3  65 

0 

0977  -0 

0585  -0 

2377  -0 

3343  -0 

3997  -0 

3383  -0 

6368  -0 

7756  -0 

9028  -0 

9893 

94 

-1 

0763  -1 

1373  -1 

3654  -1 

4985  -1. 

6488  -1. 

7413  -1. 

7934  -1 

6719  0 

3348  0 

0668 

0  296 

0. 

5268 

0 

6066  0 

3753  -0 

0064  -0 

1163  -0 

1626  -0. 

1310  -0 

1432  -0 

1047  -0. 

0738  -0 

0353 

0  03983 

o 

0034 

490  0 

4  6? 

0 

1035  -0 

0405  ~0 

2349  -0. 

3093  -0 

'4063  -0. 

3552  -0. 

6639  -0 

8210  “0. 

9784  -1. 

0814 

96 

-\ 

1957  -1 

3158  -1 

4417  -1 

7305  -1 

9507  -a 

1222  -2 

2338  -2. 

1851  0 

0062  0 

9546 

0  298 

0 

6526 

0 

7359  0 

5083  0 

1025  -Q 

0119  -0 

0977  -0. 

097?  -0. 

0862  -0 

0374  -0. 

0405  -0 

0119 

0  04441 

0 

0040 

503  6 

5  61 

0 

0201  -0 

0716  -0 

2609  -0 

3614  -0 

46t9  -0 

6334  -0. 

7376  -0 

9410  -1 

1361  -1 

0663 

90 

3964  -1 

9560  -l 

7513  -1 

9878  -2 

4491  -2 

6975  -2 

osie  -2 

9377  -0 

3388  l 

0284 

0  293 

0 

7749 

0 

839?  0 

6381  0 

1886  0 

0326  -0 

0420  -0 

0390  0 

0779  -0  0939  -0 

0339  -0 

0243 

0  04995 

0 

0051 

407  0 

6  99 

0 

1066  -0 

0539  -0 

2S01  -0 

35 IS  -0 

4702  -0 

6345  »0 

7794  -0 

9934  -1 

2254  -l 

3740 

100 

■  1 

»ft«6  -t 

7 4? 7  -1 

9065  -2 

2997  -a 

7833  -3 

2412  -3 

5661  -3 

6634  -1 

1243  1 

0870 

0  29? 

0 

BBR9 

0 

9273  0 

7948  0 

3039  0 

1364  0 

0234  -0 

0063  -0 

0301  -0 

0063  '0 

0123  0 

0056 

0  05931 

0 

00?  2 

404  0 

7  67 

0 

0630  -0 

0690  -0 

370?  -  0 

3766  -0 

3000  -0 

6764  -0 

0293  -l 

0327  -1 

3231  -1 

4936 

102 

- 1 

6739  -l 

4031  -a 

1932  -2 

3871  -3 

0692  -3 

0217  -4 

2391  -4 

4133  -1 

7323  1 

0*62 

0  294 

0 

9937 

0 

9380  0 

0169  0 

3877  0 

1996  0 

0702  0 

0350  0 

0096  0 

0056  -0 

0069  0 

0036 

0  06106 

0 

0079 

40V  9 

0  7? 

0 

0099  ->0 

0394  -0 

2307  -0 

3488  -0 

4613  "0 

6325  -0 

BtOQ  -1 

0S19  ~S 

3308  -1 

5100 

104 

'1 

7269  <1 

9607  »S 

3037  -2 

7430  -3 

3131  -3 

8924  -4 

7739  “3 

0512  >2 

4019  0 

9043 

0  301 

1 

0301 

0 

9337  0 

0349  0 

4613  0 

26*3  0 

1237  0 

0787  0 

0906  0 

0449  0 

0201  0 

0225 

0  06662 

0 

0124 

91?  ft 

9  79 

o 

030?  -0 

0301  -0 

2441  -0 

3719  0 

3096  -0 

7090  -0 

8S92  -l 

1449  -i 

4078  -l 

69?1 

106 

“1 

9293  -2 

2143  -2 

5431  >3 

1442  “3 

9391  -4 

4904  -9 

7771  -6 

2362  -3 

272i  a 

9474 

0  296 

1 

1014 

0 

9390  0 

9330  6 

3464  0 

3313  0 

I860  0 

1221  0 

0872  0 

0640  0 

0349  0 

0179 

0  07516 

0 

014(1 

4V9  ? 

10  03 

0 

0624  -0 

0430  -0 

2147  -0 

3391  -0 

400*  ~0 

6096  “0 

8810  -1 

1532  -1 

3191  »l 

7 46V 

108 

“I 

9957  -2 

3123  -2 

7138  -3 

3188  -4 

1330  >* 

8600  ’6 

6660  -7 

3443  «3 

9011  0 

070V 

0  300 

1 

24 

0 

9301  0 

9614  0 

6(08  0 

4016  0 

2433  0 

1799  0 

1244  0 

1076  Q 

0737  0 

0390 

0  07??? 

0 

0193 

909  4 

11  93 

-0 

0300  -0 

1*1S  -0 

2600  -0 

3305  -0 

49(0  -0 

7 180  -0 

9216  -1 

2269. -S 

6154  “1 

07  7? 

111 

-e 

I486  -2 

9040  -2 

4372  -3 

635?  -4 

5404  *3 

3094  -8 

4364  -9 

1?62  -4 

987 1  0 

6673 

0  30  3 

1 

3407 

0  0339  0 

9397  0  6417  0 

4468  0 

2639  0 

1813  0 

1302  0 

0962  0 

0367  0 

C0OI 

0  05603 

0 

0214 

309  3 

13  94 

-0 

0764  -0 

2306  -0 

4114  -0 

4466  -0 

4019  -0 

7523  *9 

9932 

369*  -( 

70*4  'S 

VlO) 

1  S3 

-a 

160?  ..2 

3037  -a 

4443  -*3 

609?  *4 

*903  -3 

3073  “6 

9411  M? 

1377  -3 

3660  0 

68?  7 

0  294 

1 

4063 

<i  0934  I 

0168  O 

7053  0 

4761  0 

2880  0 

1940  0 

1293  0 

0941  0 

0294  -0 

0411 

0  09139 

0 

0000 

490  0 

14  SS 

-0 

327«?  -O 

3739  -0 

6077  -O 

8336  -0 

9934  -1 

2303  -1 

3036  - 1 

227 1  -1 

3382  -1 

3036 

1  it 

-  32-2  -l 

6070  -l 

8349  -2 

3726  -3 

1937  -3 

7810  *-4 

3420  -3 

1427  -4 

8271  0 

7340 

0  2<?9 

1 

3?G3 

0  9235  0 

O 

1 

4897  0 

4301  0 

3373  0 

1696  0  0878  0 

0469  -0  0408  -0 

1109 

0  09.71“ 

-0 

0991 

<92  0 

19  S3 

O  ft)  O  O  fci  o 
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Table  3.15 

ARA  RUN  11  QUASI-STATIC 

M=0.  58  R=4.  6»106  <**,=8.99  oC0=9.  55  i .  8  Hz 


0.  1774  0.  0287  -O.  0935  -0.  167-3  -T  2298  -0.  3183  -0.  3892  -0.  4741  -0.  5237  -0.  5467  82 

-0.5680  -0.5680  -0.5303  -0.  4741  -0.3396  -0.1448  0.0960  0.2872  1.0981  0.0730  0  383 

-0.  1643  -0.  3431  -0.  5220  -0.  4812  -0.  4069  -0.  3113  -0.  2387  -0.  1390  -0.  0811  0.  0198  0.  00000 

1626.  6 

0.  1730  0.  0196  -0.  1055  -0.  1795  -0.  2300  -0.  3364  -0.  4173  -0.  3127  -0.  5743  -0.  6078  84 

-0.  6413  -0.  6396  -0.  6308  -0.  5743  -0.  4545  -0.  2589  -0.  0136  0.  1677  1.  0860  0.  1747  O.  583 

-0  0632  -0.  2589  -0.  4686  -0.  4510  -0.  3910  -0.  3012  -0.  2342  -0.  1637  -0.  0826  0.  0179  0.  00537 

1634,  0 

0.  1804  0.  0301  -0.  1027  -0.  1778  -0.  2494  -0.  3455  -0.  4311  -0.  5307  -0.  6093  -C.  6425  86 

-0.6932  -0.7054  -0.7106  -0.6687  -0.5691  -0.3927  -0.1481  0.0458  1.0836  0.3009  0.589 

0.  0686  -0.  1463  -0.  3892  -0.  3962  -0.  3420  -0.  2651  -O.  2005  -0.  1324  -0.  0625  0.  0336  0.  01074 

1648.  5 

0.  1733  0.  0197  -0  1162  -0  2009  -0.  2751  -0.  3757  -0  4745  -0.  5840  -0.  6881  -0.  7340  88 

-0.  7905  -0.  8188  -0.  8382  -0  8188  -0.  7464  -0.  5822  -0.  3474  -0.  139i  1.  0665  0.  4169  0  585 

0.  1804  -0.0509  -0.3157  -0.3580  -0.3174  -0.2486  -0.  1921  -0.  1303  -0.0615  0.0215  0.01611 

1631.  5 

0.  1814  0.0268  -0.  1121  -0.2017  -0.2843  -0  3915  -0.4969  -0.6252  -0.7553  -0.8063  90 

-0.8941  -0.9398  -0.9838  -0.9873  -0.9521  -0.3045  -0.5795  -0.3827  1.0285  0.3523  0.587 

0.3238  0.0830  -0.2193  -0.2878  -0.2614  -0.2052  -0.  „613  -0.1068  -0.0435  0.0356  0.02148 

1638.  7 

0.  1740  0  0196  -0.  1243  -0.2173  -0  3085  -0  4244  -0.  5384  -0  6841  -0.8332  -0  8876  92 

-1  0140  -1.C894  -1.1631  -1.2017  -1  2070  -1.0378  -0.  B332  -0.6349  0.9338  0.6776  0.587 

0 .4460  0  1933  -0.  1383  -0  2313  -0  2243  -0  1769  -0.  1401  -0.0927  -0.0366  0  0371  0.02685 

1641.3 

0  1710  0  0197  -0.  1317  -0  2285  -0.3271  -0.  4503  -0.  5787  -0.  7495  -0  9219  -0.9976  94 

1.  1085  -!  2634  -1.3813  -1 .4622  -1  5291  -1.3707  -1.  1472  -0  9290  0.8169  0  /976  0.586 

0  5740  0  3206  -0.0419  -0.  1599  -0.  1739  -0.  1440  -0.  1141  -0.0754  -0.0243  0.0373  0  03222 

1636.  4 

0  1712  0  0179  -0  1354  -0  2394  -0.3470  -0  4809  -0.6184  -0  8088  -1.0132  -1  113/  96 

-1  2424  -1  2335  -1  7077  "1  8875  -1.9227  -1.6900  -1  4715  -1.2706  0.6683  0.8904  0.585 

0  6806  0  4374  0.0461  -0  0720  -0  1178  -0.0967  -0.0808  -0.0508  -0.0068  0.0461  0  03759 

1634.  0 

0.  1583  0.  0214  -0.  1313  -0  2418  -0.  3559  -0.  4998  -0.  6402  -0.  8420  -1.  0543  -1.  1227  98 

-1  1227  -2  1019  -2  2195  -2  2405  -2  1616  -1.  9878  -1  7457  -1  5246  0.  50C5  C.  ^385  0  587 

0  7725  0  5391  C.  1320  -0.0014  -0.0628  -0  0593  -0.0503  -0.0277  0.0056  0.  '  512  0.04296 

1641.  2 

0.153?  0  0145  -0.14.j3  -0  2559  -0  3715  -0.5226  -0.6791  -0  8718  -1.0010  -1  1398  100 

-2.3847  -2.5110  -2  5626  -2  5128  -2  4541  -2  2673  -2.0415  -1  7925  0.3328  1.0264  0.583 

0  8593  0.6316  0  2137  0  0554  -0  0175  -0.0264  -0  0264  -0.0104  0  0145  0.0483  0.04832 

1619.  3 

1342  0.0091  -0  1427  -0.2517  -0.3804  -0.5286  -0.6733  -0.8520  -1  1450  -1.9739  102 

6742  -2  7457  -2.  ’743  -2  7350  -2  6707  -2.  49T6  -2  2223  -2  0865  0.  1520  1  0739  0.  581 

9345  0  7184  0  2932  0  1199  0.0288  0.  0073  -0  v/034  0  003/  0.0198  0.0466  0  05371 

1612.  1 

0962  -0  0123  -0  1475  -0  2613  -0  378 7  -0  5191  -0.6650  -0.0017  -1.3763  -1  9630  104 

7262  -2  7884  -2  8898  -2  8489  -2.  7848  -2,  6195  -2  3989  -2.  3474  0.  0339  1.  0779  0  5B2 

9552  0  7506  0  3363  0  1389  0  0499  0  0233  0.  0037  0  0019  0.  0100  0  0290  0  05908 

1619  4 

0  0393  -0  0499  -0  1765  -0  2782  -0  3870  -0.5350  -0.6760  -0.9221  -1.4465  -1  0514  106 

-2  1886  -2  8343  -2  9092  -2  9377  -2  8870  -2  7255  -2  3221  -2  4829  -0  0659  1.0899  0  581 

0  9011  0  7849  0.3693  0  1660  0.0607  0.0250  -0.0017  -0,0124  -0.0106  -0.0089  0.06445 

1614  6 

-0  1962  -0.2046  -0  2638  -0  3051  -0  3895  -0.5474  -0  7179  -l  015/  -1  5344  -1  8440  108 

-1  °381  -2  0907  -2  3050  -2  7833  -2  9430  -2.3390  -2.6649  -2.6416  -0  1944  1.0920  0  579 

0  9959  0  0057  0.3911  0  1812  0  0681  0  0287  -0.0090  -0  0306  -0.0431  -0.0665  0  06982 

1604.  9 

-C  2378  -0  2612  -0.2242  -0  3476  -0  4322  -0.5070  -0  7B68  -1.0477  -1  9463  -1,6867  110 

-1  7983  -,  099i  -1  9729  -1.9837  -2  2019  -2  0764  -2  7720  -2  7648  -0  2396  1  0995  0  977 

1  0059  0  4138  0  1942  0.0682  0.0214  -0  0200  -0.0524  -0.0776  -0.1154  0  07520 

1600  1 

-0  3974  -0  478/  -0  5509  -0  5*91  -0  3906  -0  6646  -0  8307  -1  0275  -1.2406  -1  2333  112 

-l  1397  -1  1358  -1. 0943  -1.  1792  -2.  9892  -2.  6686  -2  7715  -2  7625  -0.  1754  l.  1064  0  576 

1  014«  0.8447  0  4330  0.2110  0  C’92  0.  0160  -0.  0364  -0.  0797  -0.  1176  -0  1916  0  00097 

1599.  2 


0.  0259 
0.  0009 
-0.  13 


0.  0747 
0.  0019 
0.  26 


0.  135C 
0.  0014 
0.  76 


0.  2044 
0.  0036 
1.  34 


0.  2881 
0.  0053 
2  00 


0.  3753 
0.  0063 
2.  71 


0  4725 
0.  0096 
3.  49 


0.  5795 
0.  0113 
4.  32 


O  6808 
0-  0176 
5.  21 


0  7996 
0  0252 
6  10 


0.  901/ 
0.  0327 
/.  01 


0  9428 
0.  0369 
7  94 


0.  9565 
0.  0353 
8  79 


0  9632 
0.  0150 
9.  74 


0  9387 
0.  0001 
10  63 


0.  9087 
-0.  0508 
11.  56 
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Table  3.16 


ARA  RUN  151  QUASI -STATIC 

M=0.  745  R=5.  5*10*  <*^=0.09  o40=5.  1.8  Hz 


0.  1715  0.  0418 

-0.  2151  -0.  1427 
-0.  7250  -0.  8061 

-0.  0567  -0.  1228  -0.  1689  -0.  2313  -0.  2799  -0.  3223  -0.  2811 

-0  0604  0.  0904  0.  2949  0.  5019  0.  7239  0.  8623  0.  9994 

-1.  1777  -1. 2787  -1.  3560  -0.  6964  -0.  4146  -0.  1689  -0.  0592 

-0.  2599 
-0.  4644 

0.  0543 

13 

0.  746 

0.  00000 
2309.  7 

-0.  4703 
-0.  0020 
-3.  27 

0.1906  0.0482 

-0.  2654  -0.  1980 
-0.  6477  -0.  7514 

-0.  0605  -0.  1305  -0.  1830  -0.  2529  -0.  3079  -0.  3366  -0.  3266 
-0.1180  0.0257  0.2331  0.4417  0.6741  0.8240  1.0327 
-1.  1313  -1.  2425  -1.  3187  -0.  6340  -0.  3179  -0.  1642  -0.  0743 

-0  3154 
-0.  3e66 

0.  0419 

16 

0.  743 

0.  00555 
2305.  1 

-0.  4168 
-0.  0029 
-2  85 

0  1968  0.  0519 

-0.  3167  -0.  2492 
-0,  5740  -0.  6940 

-0.0393  -0  1342  -0.  1942  -0.2692  -0.3329  -0.3916  -0.3716 

-0.1717  -0.0268  0  1681  0.3843  0.6204  0.7766  1.0527 

-1.  0775  -1.  1987  -1.  2699  -0.  5565  -0.  2779  -0.  1730  -0.  0818 

-0.  3629 
-0.  3167 

0.  0407 

17 

0  745 

0.  01 109 
2305.  1 

-0.  3653 
-0.  0033 

-a.  40 

0  2022  0.  0530 

-0.  3748  -0.  3102 
-0  4867  -0  6310 

-0  0639  -0  1435  -0.  2082  -0  2928  -0  3587  -0  4370  -0.  4271 

-0.2318  -0.0888  0.1089  0.3265  0.3665  0.7245  1  0801 

-1.0003  -1.1421  -1  2117  -0.4159  -0.2729  -0.  1871  -0.0913 

-0.  4096 
-0  2306 

0  0380 

18 

0.  747 

0.  01663 
2313.  9 

-0.  3010 
-0.  0040 
-1.  “8 

0.  2095  0.  0542 

-0.  4515  -0.  3844 
-0.  3844  -0.  5571 

-0  0688  -0.1521  -0.2254  -0.3111  -0.3906  -0.4831  -0.4923 

-0.3136  -0  1682  0.0269  0.2592  0.5003  0.6680  1.1104 

-0.  9100  -1  0740  -1. 0802  -0.  3658  -0.  2912  -0.  1955  -0.  0937 

-0.  4764 
-0.  1297 
0.  0356 

19 

0  748 

0.  02217 
2317.  8 

-0.  2322 
-0.  0021 
-1.  54 

0.2145  0  0530 

-0.  5298  -0.  4652 
-0  2862  -0  4764 

-0  0713  -0.  1620  -0  2427  -0,  3384  -0.  4291  -0.  0360  -0.  5396 

-0  3943  -0  2527  -0.0563  0.  1698  0.  4233  0.  5998  1.  1329 

-0  8231  -0  9660  -0  9274  -0  3963  -0  3049  -0.  1930  -0.  0924 

-0.  3322 
-0.  0303 

0.  0406 

20 

0.  749 

0.  02772 
2317.  6 

-0.  1589 
-0.  0004 
-1.  06 

0.  2026  0.  0454 

-0  6281  -0  5525 
-0  1911  -0.4003 

-0.0834  -0  1775  -0.2592  -0.3607  -0.4622  -0.6008  -0.6627 

-0  4882  -0  3433  -0  1352  0.  0726  0  3301  0.  0009  1.  1304 

-0  7356  -0  9152  -0.  5166  -0.  4077  -0.  3012  -0  1960  -0.  0933 

-0.  6565 

0.  0590 

0.  0342 

21 

0.  730 

0.  03327 
2326  6 

-0.  0338 
-0.  0022 
-0.  59 

0  2095  0.0512 
-0.6971  -0.6296 
•0  0764  -0  2972 

-0  0708  -0  1745  -0.  2616  -0  3708  -0  4873  -0  6112  -0.  7965 

-0.  3695  -0.  4272  -0.  2444  -0  0187  0.  2389  0.  4192  1  1406 

6701  -0  7167  -0.  3437  -0  3835  -0.  2874  -0.  1831  -0.  0823 

-0  7311 

0.  1678 
0.  0414 

22 

0  735 

0.  03881 
2347.  7 

0.  0137 
0.  0018 
-0.  06 

0  2091  0  0474 

-0.7558  -0  7178 

0  0144  -0.  2085 

-0  0836  -0,  1840  -0.  2721  -0.  3738  -0.  4382  -0.  9492  -0.  8806 

-0  6317  -0  3097  -0  3334  -0.  1105  0  1515  0.3413  1  1396 

-0  3880  -0.  6343  -0.  5121  -0.  3730  -0.  2734  -0.  1/66  -0.  0811 

-0.  8182 
0.  2393 
0.  0401 

23 
0.  733 
0.  04436 
2352  2 

0  0973 
0.  0033 
0.  40 

0.  2049  0.  0427 

-0  8594  -0  8151 
0.  0968  -0.  1355 

-0  0876  -0  1884  -0  2695  -0.3580  -0  4739  -1  0449  -0.9563 

-0.7303  -0  3951  -0.4219  -0.1970  0.0683  0.2533  1.1402 

-0  3079  -0.  3706  -0.  4636  -0.  3432  -0  2384  -0.  1673  -0.  0733 

-0.  8926 
0.  3401 
0.  0415 

24 

0  734 
0  04990 
2343.  4 

0.  1610 
0.  0049 
0.  86 

0  2115  0.  0527 

-0.  936V  -0  8820 
0.  1894  -0  0450 

-0  0803  -0.  1727  -0.  2441  -0  3377  -0.  8894  -1  1133  -1.  01B7 

-0  7958  -0  6652  -0  9009  -0.  2774  -0.  0101  0.  1793  1.  1486 

-0.  4202  -0.  5015  -0.  4214  -0.  3118  -0.  2359  -0.  1509  -0.  0668 

-0.  9731 
0.  4238 
0.  0469 

25 
0  734 
0.  05545 
2338.  8 

0.  2335 
0.  0034 
1  31 

0  2011  0  0516 

-1.  0076  -0.  9532 
0  2654  0  0244 

-0  0794  -0.  1635  -0.  2364  -0.  4317  -1.  2239  -1.  1732  -1.  1015 

-0  8089  -0  7394  -0  6072  -0.3711  -0.  112B  0.0812  1.  1342 

-0  3489  -o.  4403  -0,  3783  -0.  2908  -0.  2216  -0.  1449  -0.  0646 

••  1 .  0370 
0.  5002 
0.  0466 

26 
0.  732 
0  06098 
2330  3 

0.  3481 
-0  0004 
1.  79 

0  1925  0  0543 

-1  0761  -1  0333 
0  3257  0.  0343 

-0  0689  -0.  1486  -0,  2731  -0  5619  -1.  3014  -1.  2417  -1.  1707 

-0  9703  -0  8047  -0.  7091  -0.4998  -0.2021  -0,0092  1.  1200 

-0.  2943  -0.  3976  -0  3328  -0.  2743  -0  2121  -0.  1399  -0,  0677 

-1.  1246 
0.  3398 
0.  0406 

27 
0  748 
0.  06633 
2313.  3 

0.  4134 
-0.  0012 
2.  21 

0  1047  0  0675 

-1  1150  -1.  0760 
0.3956  0  1551 

-0  0484  -0.  1360  -0  3568  -0.6307  -1.3276  -1  2647  -1  2018 

-1.  0032  -0.  8404  -0.  7762  -0.  9160  -0.  2705  -0  0853  1.  1049 

-0  2224  -0.  3322  -0  3050  -0,  2446  -0,  1878  -0.  1200  -0.  0521 

-1  1488 
0.  6189 
0.  0433 

28 
0.  792 
0  07203 
2334.  7 

0  4723 
-0  0043 
2.  61 

0  1596  0.0671 

-1  1876  -1  1450 
0.  446!  0.  1959 

-0.  0455  -0.  2269  -0  4720  -0.  6739  -1.  3939  -1.  3464  -1.  2726 

-1  0687  -0  9324  -0,8636  -0.5921  -0  3457  -0.  1993  1  0890 

-0  1894  -0.3044  -0.2932  -0,2419  -0.  1881  -0.  1293  -0.0630 

-1.  2201 
0.  6637 
0.  0258 

29 
0  746 
0  07762 
2302.  4 

0.  5336 
-0.  0086 
2.  95 

0  ' 177  0  uS43 

-1  2l°l  -1  1755 
0.  4837  0.  3385 

-0.  0764  -o.  2544  -0.  4860  -0.  6814  -l.  1096  -1.  3797  -1  3025 

-1  0996  -0  9863  -0.9092  -0.6304  -0.3889  -0.2047  1.0700 

-0  1524  -0.2768  -0  2756  -0  2271  -0,  1822  -0.  1287  -0.0702 

•l.  2731 
0  6978 
0.  0132 

30 
0.  747 
0.  08317 
2313.  7 

0.  5413 
-0.  0066 
3.  33 

3-23 


M  »  0.57  nominal 
O  quasi -steady 
+  nominal  4c/ V  s  0.0044  rads 


A  nominal  4c/V  a  0.01492  rads 
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DATA  SET  It 

BLR  7301  SUPERCRITICAL  AIRFOIL  OSCILLATORY  PITCHING  AND  OSCILLATING  FLAP 

by 

R.J.  Zwaan,  NLR 


INTRODUCTION 

The  supercritical  airfoil  NLR  7301  has  a  maximum  thickness  of  16.5  per  cent  of  the  chord.  In  the  set 
of  two-dimensional  aeroelastic  configurations  this  airfoil  represents  the  category  of  thick  and  blunt- 
nosed  airfoils. 

The  airfoil  was  investigated  in  two  wind-tunnel  tests  with  different  models.  In  the  first  test  the 
model  could  be  driven  harmonically  in  a  pitching  motion  about  an  axis  at  4o  per  cent  of  the  chord. 
Information  about  this  configuration  is  designated  with  the  letter  "A".  In  the  second  test  harmonic 
rotation  of  a  trailing-edge  flap  was  considered.  The  flap  axis  was  located  at  75  per  cent  of  the  chord;  the 
flap  had  no  aerodynamic  balance.  Information  about  this  configuration  is  designated  with  the  letter  "B". 

In  transonic  flow  the  contribution  of  the  shock  to  the  aerodynamic  loading  can  of  course  be  very 
different.  As  an  illustration,  pressure  distributions  on  the  upper  surface  are  compared  for  a  flow  with 
a  strong  shock  and  a  shock-free  flow.  Also  results  of  thin-airfoil  theory  have  been  added.  In  the  strong 
shock  cases  (A:  Fig.  4.1,  B:  Fig,  I*. 5)  ths  pressure  peak  due  to  the  moving  shock  dominates  in  the  pressure 
distribution,  with  a  strength  which  diminishes  with  frequency.  Although  the  flow  conditions  are  the  same 
for  both  configurations,  the  mean  pressure  distributions  differ  slightly.  The  cause  of  these  differences 
could  not  be  traced.  In  the  shock-free  cases  (A:  Fig.  4.2,  B:  Fig.  4.6)  the  pressure  distribution  shows  a 
wide  bulge.  The  pressure  distributions  of  configuration  A  show  very  clearly  that  with  increasing  frequency 
the  bulge  decreases  while  at  she  same  time  a  weak  shock  develops.  Also  here  the  mean  pressure  distributions 
should  be  the  same.  For  unexplained  reasons,  however,  shock-free  flow  could  only  be  realised  at  slightly 
different  Mach  numbers. 

Lift  and  moment  coefficients  are  presented  in  figures  4.3  and  4.4  for  configuration  A  and  in 
figures  It. 7  and  It. 9  for  configuration  B.  The  influence  of  fixing  boundary  layer  transition  is  remarkable. 
Configuration  A  shows  only  minor  differences.  Forced  transition  at  0.3  c  is  obviously  not  so  effective  in 
this  case.  The  differences  ore  larger  for  configuration  B,  which  includes  also  fixed  transition  at  0.07  c. 
Characteristic  changes  occur  in  particular  in  the  lift  coefficient  at  low  frequencies.  Transition  fixing 
has  obviously  the  effect  of  reducing  both  the  lift  magnitude  and  the  phase  lag. 

An  aspect  that  emerges  especially  in  the  present  case  of  a  supercritical  airfoil  is  the  difference 
in  the  specification  of  theoretical  and  experimental  shock-free  flow.  In  the  General  Review  it  was  pointed 
out  that  this  difference  is  mainly  due  to  viscous  offectB  and  tunnel  interference.  It  was  further  proposed 
to  choose  the  CT  specification  such  that  theory  would  produce  a  flow  similar  to  that  observed  in  the 
experiment.  This  is  illustrated  in  figure  It. 9  where  the  theoretical  design  pressure  distribution  calculated 
with  a  hodograph  theory  is  compared  with  a  shock-free  pressure  distribution  measured  at  free  transition. 


1  AIRFOIL 


1.1 

Designation 

NLR  7301  (also  NLR  UT  7310810) 

1.2 

Type  of  airfoil 

Thick,  aft-loaded,  shock-free  supercritical; 
designed  by  means  of  Boerotoel  hodograph  method 

1.3 

0eomet;7 

See  Tablo  h.1 

Nose  radius 

0.05  e 

Maximum  thickness 

t/c  *  16.5  J! 

Base  thickness 

Zero 

1.4 

Design  condition 

Design  condition 

Potential  flow  (hodograph  theory); 

M  »  0.721 
v  0.595 

Design  pressure  distribution 

Steady  experiment  (free  transition,  NLR  Pilot  Tunnel) 
M  *  0.747,  C4=  0.455;  see  Fig.  4.9 

1.5 

Additional  remarks 

"Shock-freo"  pressure  distributions  for  configuration 
A  shown  in  Fig.  4,2  and  for  configuration  B  shown  in 
Fig.  4,6 

1 .6 

References  on  airfoil 

MODEL 

GEOMETRY 

2.1 

Chord  length 

0,10  m 

2.2 

Span 

0,42  m 

2.3 

Actual  model  coordinates  and 
accuracy  of  measurements 

See  Table  4,2 

2.4 

Flap;  hinge  and  gap  details 

A:  not  applicable 

B:  hinge  axis  at  0.75  c;  gap  width  0.35  mm 


2.5 

Additional  remarks 

- 

2.6 

References  on  mode1 

- 

WIND 

TUNNEL 

3.1 

Designation 

NLR  Pilot  Tunnel 

3.2 

Type  of  tunnel 

Continuous,  closed  circuit 

3.3 

Test  section  dimensions 

Rectangular;  see  Fig.  k.10 
height  0.55  m,  width  0.U2  m 

3.k 

Type  of  roof  and  floor 

10  %  slotted  top  and  bottom  walls,  separate  top  and 
bottom  plenums 

3.5 

Type  of  side  walls 

Solid  side  walls 

3.6 

Ventilation  geometry 

See  Fig.  It.  10 

3.7 

Thickness  of  side  wall  boundary 
layer 

Thickness  10  %  of  test  section  semi-width,  no  special 
treatment 

3.8 

Thickness  of  boundary  layers  at 
roof  and  floor 

Not  measured;  probably  comparable  with  side  wall 
boundary  layers 

3.9 

Method  of  measuring  Mach  number 

Derived  from  static  pressure  measured  upstream  of 
model  and  from  total  pressure  measured  in  settling 
chamber 

3.10 

Uniformity  of  Mach  number  over 
test  section 

See  Fig.  U . 1 1  (empty  test  section) 

3.11 

Sources  and  levels  of  noise  or 
turbulence  in  empty  tunnel 

Turbulence/noise  level,  see  Fig.  k.12 

3. 12 

Tunnel  resonances 

No  evidence 

3-13 

Additional  remarks 

For  two-dimensionality  of  the  flow  see  Ref.  k,3 

3. H* 

References  or.  tunnel 

Ref.  k.2 

MODEL  MOTION 

lt.1 

Mode  of  applied  motion 

A:  pitching  oscillation  of  airfoil 

B:  oscillation  of  trailing-edge  flap 

k.2 

Range  of  amplitude 

A :  o0»  0.1p  to  1.5* 

B:  40"  0.1°  to  2.0U 

U. 3 

Range  of  frequency 

A:  f  ■  0  to  80  lit;  k  °  0  to  0.26 

B:  f  »  0  to  200  He;  k  ■  0  to  0.65 

lt.lt 

Method  of  application 

Al  hydraulic  excitation  at  one  side 

Bj  of  the  model 

>*.5 

Purity  of  applied  motion 

Cheeked  by  npeetral  analysis;  no  data  stored 

It. 6 

Natural  frequencies  and  normal 
modea  of  model 

Ho  interference  with  natural  vibration  modes 

It. 7 

Static  or  dynamic  clastic  distortion 
during  teats 

Negligible 

It. 8 

Additional  remarks 

- 

TEST 

CONDITIONS 

5.1 

Tunnel  height/model  chord  ratio 

3.  t 

5.2 

Tunnel  vidth/madol  chord  ratio 

2.3 

5.3 

Range  of  Mach  number 

A:  M  »  0.5  to  0.8 

1:  N  ■  0.5  to  0.82 

5. I* 

Range  of  tunnel  total  pressure 

Atmospheric 

5.5 

Range  of  tunnel  total  tempera'  ire 

313  t!  K 

5.6 

Range  of  model  steady  moon 
incidence 

A;  a*  0°  to  3° 

B:  affl«  0°  to  3";  0° 

5.7 

Definition  of  model  incidence 

Incidence  datum  line  cs  »  0  relates  to  the  x-nxin  as 
used  in  Tables  k.l  a?ul  k.2.  Datum  line  is  parallel 
to  test  section  centre  lino  for  aro*  0 

5.0 

Position  of  transition,  if  free 

A)  part  of  the  tost  performed  with  natural 

BJ  transition;  position  of  transition  not  measured 

5.9 

Position  and  type  of  trip,  if 
transition  fixed 

A:  strip  of  carborundum  grains  at  0.3  c 

Bi  strip  of  carborundum  grains  at  0.07  c  or  0.3  e 

5.10 

* 

for  mixed  flow,  ponition  of  sonic 
boundary  in  relation  to  roof  and  floor 

Not  measured 

5.11 

Flow  instabilities  during  tests 

No  evidence 

5.12  Additional  remarks 

5.13  References  describing  tests 
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A:  Ref.  lt.lt 
B:  not  available 

6  MEASUREMENTS  AND  OBSERVATIONS 

6.1  Steady  pressures  for  the  mean  conditions 

6.2  Steady  pressures  for  small  changes  from  the  mean  conditions 

6.3  Quasi-steady  pressures 
6.I1  Unsteady  pressures 

6.5  Steady  forces  for  the  mean  conditions 

6.6  Steady  forces  for  small  changes  from  the  mean  conditions 

6.7  Quasi-steady  forces 

6.8  Unsteady  forces 

6.9  Measurement  of  actual  motion  at  points  on  model 

6.10  Observation  or  measurement  of  boundary  layer  properties 

6.11  Visualization  of  surface  flow 

6.12  Visualization  of  shockwave  movements 

6.13  Additional  remarks 


measured  directly 
integrated  press. 

measured  directly 
tegrated  press, 

treasured  directly 
■integrated  press. 

measured  directly 
integrated  press. 
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7  INSTRUMENTATION 

7.1  Steady  pressures 

7.1.1  Position  of  orifices 
apanwise  and  chordwise 

7.1.2  Type  of  measuring  system 

7.2  Unsteady  pressures 


7.2.1 

Position  of  orifices 
spanvioe  and  chordwise 

7.2.2 

Diameter  of  orifices 

7.2.3 

Typo  of  measuring  system 

7.2.1* 

Type  of  transducers 

7.2.5 

Principle  and  accuracy  of 
calibration 

,3  Model  motion 

7.3.1 

Method  of  measurement 

7.3.2 

Accuracy 

7.1*  Processing  of  unsteady 
measurements 

7.1*.  1  Method  of  acquiring  and 
processing  measurements 

T.l*.2  Type  of  analysis 

7.1*. 3  Unsteady  pressure  quantities 
obtained  and  accuracies 
achieved 

7.1*. I*  Method  of  integration  to 
obtain  forces 

7.3  Additional  remarks 

7.6  References  on  techniques 


See  7.2.1 
See  7.2,3 


A:  see  Pigs  1*.13  and  h.lh 
8i  see  Pigs  I*.  15  and  <*,l6 

0.8  mm 

A:  1*0  pressure  tubes  ♦  13  in  situ  pressure  transducers 
11:  1*6  pressure  tubes  ♦  12  in  situ  pro  isure  transducers 

i7.5  psi  Statham  different-:.!  preasur >  transducers, 
and  *5  psi  Kulite  miniature  pressure  transducers 

Calibration  uses  transfer  functions  of  pressure 
tubes,  see  Ref.  I*. I*;  for  accuracy  see  9.'0 


A:  with  accelerometers,  see  Pig.  h . 1 3 
II:  with  accelerometers,  see  Pig.  **.15 
Bee  9.10 


Sec  Pig.  I* .  17 

A:  signal  analysis  of  TPA  over  20  cycles  for 
f  •  30,  80  Hz  and  60  cycles  for  f  »  200  Hz 
B:  signal  length  during  TPA  analysis  was  1  e 

A:  Fundamental  harmonics 

13:  Fundamental  harmonics  and  occasionally  second  and 
third  harmonica 
For  accuracy  sac  9.10 

Trapezoidal  rule 


A:  Refs  I*. It,  I*.  5 
b.  :>f.  1».6 


DATA  PRESENTATION 


8.1 

Test  esses  for  which  data  could 
be  made  available 

A:  see  Table  6.3 

B:  not  available 

8.2 

Test  cases  for  which  data  are 
included  in  this  document 

gj  :  see  Table  6.6 

8.3 

Steady  pressures 

Mean  pressures  for : 

A:  Tables  6.5  to  6.  l6 

B:  Tables  6.15  to  6.23 

8.U 

Quasi-steady  or  steady 
perturbation  pressures 

Steady  pressure  derivatives  for: 

A:  Tables  6.5.  6.8,  6.12 

B:  Tobies  6.15,  6.17,  6.19 

8.5 

Unsteady  pressures 

A:  Tables  6.6,  6.7,  6.9  to  6.11,  6,13,  6.16 

B:  Tables  6. 16,  6.18,  6.20  to  6.23 

8.6 

Steady  forces  or  moments 

See  8.3 

8.7 

Quasi-steady  or  steady 
perturbation  forces 

See  8.6 

8.8 

Unsteady  forces  and  moments 

See  8.5 

8.9 

Other  forms  in  which  data  could 
be  made  available  if  required 

- 

8.10 

References  giving  other 
presentations  of  data 

' 

COMMENTS  ON  DATA 

9.1 

Accuracy 

9. 

1 .  t  Mach  number 

10.002.  No  corrections  made  for  Mach  number 
nonun if oral ty 

9. 

1.2  Steady  incidence 

10.02° 

9. 

1 . 3  Reduced  frequency 

10.0005 

9. 

t.6  Steady  pressure  coefficients 

Not  know 

9. 

1.5  Steady  pressure  derivatives 

Not  applicable 

9.1.6  Unsteady  pressure  coefficients 

Not  known 

9.2 

Sensitivity  to  small  changes  of 
parameter 

No  evidence 

9.3 

Spanwise  variations 

Ho  evidence 

9.6 

Non-linearities 

Part  of  analysis  of  experimental  results (  see  Ref.  6 

9.5 

Influence  of  tunnel  total  pressure 

- 

9.6 

Wall  interference  corrections 

No  correct  ions  included,  but  under  steady  conditions 
it  is  norm!  to  make  the  following  corrections  to 
measurements  made  in  this  tunnel: 
steady  corrections: 

AuB*  -1.6  C,  *  0.56  (C.  ♦  0.29  t\)//T-ti3, 

C deg)  {H5  1)  "  * 

dCt«  -0.015  Ct/( 1-M- ),  (130  S) 

6Ca.  -0.25  iCv  (no  t) 

9.7 

Other  relevant  tests  on 
sage  model 

- 

9.8 

Relevant  testa  on  other  models 
of  nominally  tlm  sage  airfoil 

See  Data  Net  5 

9.9 

Any  remarks  relevant  to 
comparison  between  experiment 
and  theory 

9.10 

Additional  remarks 

No  systematic  investigations  of  separate  accuracies 
have  been  performed,  accuracy  of  lift  and  moment 
coefficients  is  estimated  to  be  5  to  10  per  cent  in 
magnitude  and  3  to  6  degrees  in  phase  angle 

9.H 

References  on  discussion  of  .lain 

A:  Ref.  6.6 

PERSONAL  CONTACT  K>8  IWfllKR  INFORMATION 

R.J.  R.vuan,  National  Aerospace  Laboratory  (KLR),  Anthony  Fokkerveg  2,  1C59  CM  Amsterdam 
The  Netherlands 
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b.7 

S.R.  Bland 
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AGARD-AR-138,  1979 

P-incipal  data  of  the  NLL  Pilot  Tunnel 
NLL  Report  MP  185,  1959 

Investigation  of  the  2-dimensionality  of  the  flow  around  a  profile  in  the 
NLR  0.55x0.1)2  mJ  transonic  wind  tunnel 
NLR  Memorandum  AC-72-018,  1972 

Investigations  of  the  transonic  flow  around  oscillating  airfoils 
NLR  TR  77090  U,  1977 

DYDHA-Data  logger  for  dynamic  measurements 
NLR  MP  69012  U,  1969 

PHAROS,  processor  for  harmonic  analysis  of  the  response  of  oscillating 
surfaces 

NLR  MP  77012  U,  1977 

AGARD  Two-dimensional  aeroelastic  configurations 
AGARD-AR-156,  1979 


12  NOTATION  AND  LIST  OF  SYMBOLS 


DATA  SET 

ALPHA 

AMPL. 

C2 

CL 

CUM 

CLRE 

CM 

CMIH 

CURE 

CP 

CPIM 

cm; 

DELTA 

rwsvj. 

HATCH 


M 

MACH 

“a 

°c 

MEKHtUBKH. 
SCHK,  HC1M 

po 

a 

RCfiK ,  HCIH 


STANDARD 

mean  ving  incidence,  am,  deg 
flap  amplitude,  4Q,  deg;  see  Note  2  below 
pitch  amplitude,  Oq,  deg;  see  Note  2  below 
mean  wing  lift  coefficient,  Cl 

kg  in  Tables  b.5  to  b.ib;  k£  in  Tables  b.15  to  b.23 
kg  in  Tables  b.$  to  U.l» ;  k,;  in  Tables  b.1$  to  b,23 
mean  wing  moment  coefficient  (about  0.2$  c),  Cn 
nig  in  Tables  b,$  >0  b.tb;  in  Tables  b.15  to  b.03 

in  Tables  b.$  to  b.ib;  in  Tables  b,i$  to  b,23 

wean  pressure  coefficient,  Cp 

imaginary  eaopcment  of  oscillatory  pressure  coefficient,  rad'* 
it  represent# CjJ/ag ,  in  Tables  b.l$  to  b.23  it'  represents  CjJ/dg 

real  component  of  oscillatory  pressure  coefficient,  rad 
represents  Cl/a  ,  in  Tables  b.is  to  b.23  it  represents  C’/4  .  If  k  «  0, 
cm  -  (Cp(.|)g)°-  Cp(-a0))/2au  and  OHS  «  (C„(-40)  -  Cp(t4 J)/24p,  reap. 

mean  flap  angle ,  48,  deg 
frequency ,  f ,  His 
order  of  baronnic 

oscillatory  wing  lift  coefficient,  Ct/»oe,  rad”4 
oscillatory  wing  lift  coefficient,  ?y'*40,  rad*4 
(scan  local  Mach  mother,  Mt 
froe-streae  Mach  husber,  H 

oscillatory  wing  oeewnt  coefficient,  *2  C8/*a0,  rad”4 
oscillatory  wing  *e«ni  coefficient,  *2  Sg/xdg,  rad"* 
run  mi*ber 

real  and  inaginary  conponent*  of  oscillatory  flap  o&aent  coefficient, 

-.7  Sh/«40.  rad-* 

total  pressure,  pt.  I’d 

dynamic  pressure,  q.  Pa 

real  and  imaginary  coaponents  of  oscillatory  flap  lift  coefficient. 


In  Tables  b.$  1©  b,  H 

In  Tables  b,$  t©  h, lb  it 
then 


V'*o 


rad 


RE  Reynolds  nuaber  based  on  wing  chord,  He 

RFHEQ  reduced  frequency,  k  »  *fc/V 

♦  (suffix)  upper  aide 

-  (suffix)  lower  aide 

•  (superscript)  critical  value 

Het.e  l:  Syobols  rot  mentioned  here  eonfona  to  the  notation  in  the  General  Review. 

Note  2:  The  oscillatory  notions  are  defined  as  a  •  o0  ain  wt  and  4  «  40  sin  ot.  The  equation  for  a 
corresponding  oscillatory  pressure  (including  higher  ha monies,  if  available)  read*; 
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p(t)  =  Pm  +  p'sin  uit  +  p"cos  (ut  +  pjsin  2ut  +  p"cos  2»t  etc. 
Similar  expressions  hold  for  the  aerodynamic  coefficients. 


'"ABIE  U.  1 

Contour  data  of  the  NLR  7301  airfoil 


UPPER  PART 


X  Z  X  Z 


0.000001? 

-,ftflP*)4? 

W. 4297407  ..07**041* 

o.ooo?6«4 

0. 414*044  ♦,  A*7<44n7 

o.«oo*o?o 

♦.0074744 

0.447**24  ♦•0*7*94- 

rt,*4*?*)l  ..0»74-n* 

O.OOUTM 

*•01)22)  1 

0,*44))41  *»(*47?1>4 

rt.OOt***? 

*.0)24317 

A. 472*4)1 

a,oo)r*M 

*.0138914 

0.  *40*0J9  ♦•0**721'% 

O./lrtMph 

*.<1140411 

0,***1%S'»  . .0**4  \>t 

0.ftf»??9M 

♦.01*00?* 

0.49*0*70  «.n**U7) 

0. <1024701 

*.C|?07H 

0, *07*110  ••0**4107 

0.0<1?*1H 

0.400)740  ♦, 0»44>*0 

0.<1<}*??01 

*.(i??05?i 

0.4)47)0)  ••04CJ.194 

0.40461?) 

*.6?s*it? 

0.4227*1?  •♦0*44V>) 

♦  .e?4ii” 

0.4102974  •.0*A4l»% 

n,«n4HM 

*.<ilft4)U 

(,4W»)|>  t.OblOl*,-* 

<l.f)<)<U7<»4 

*.0124*7? 

ft,44!*\*!*»  4.  "1*  ;*•»••< »' 

0.0)07430 

*.03*4591 

0,40?HA/t  «.6*10il* 

6,«)H»A7 

*.014  I5«* 

A . 44 ) 1?4)  ..*•?»«** 

*.037*449 

0.4*4*477  •  ♦0*H*'#< 

•  .(134)474 

0.4749441  ..14)27)1 

0.01410*<» 

*. 040404* 

,,n*HM4» 

4,0)4*34* 

••04)4004 

0. *444*9  1  ♦,•**0?)/) 

0.0)753)9 

*.  0424414 

4, ‘.43*41,7  .♦07«?37) 

0,0)413*1 

*. 0434)47 

(1.4)4>4*t  .,OT'a>2*> 

0.419404? 

*..144 1««» 

0.40*00)4  .,07*770* 

0.fl>9>2%* 

*,04*0741 

n.*0*7*W)  . .A  7*247  7 

o.o?H?io 

•.04S79)) 

0,*ims*  .. 077*14)  7 

.,044721* 

0. *)7*7)  4  *.07714)4 

•,<M404sa 

*,047444) 

9,*?4*0*  *  *.*7*S)f* 

*. *4*4904 

A, 07*2-4.1  •  *•»?«  t*>* 

*,0443744 

0 .4*0 1 )  **  7  .  «  A7%  7 7*<* 

6,0*7*404 

*,0449044 

0,*%f0»*-*  «. 671*4*3 

..04444A) 

«, *4143)1  ..073347) 

•.0*T44?4 

. ,0499444 

9,4*9*74*  •,*T?3'*0 

6,6?7'*4? 

•.056)%%) 

0,4*7*40)  «.071|1)* 

•  ,0?«|f0<) 

*.OS(j?M% 

«. *747*47  ,.4|0W>it 

o.*W6)« 

*,0*947)4 

•,4*))994  ..0*9)})9 

9. <1101111 

•.9407**1 

*.*44)40  .  ,0*4534  1 

4,976*69? 

*.6*16361 

0,494)091  ,fb*4<e)44 

*.641)47* 

*, 703049*  .,0*47*97 

«.smn9 

•  .9MJ846 

0,70*3741 

•  .4l)*«>** 

♦,9*1444* 

*,M*4<«>  .,S*l?iM 

9,73*44*4  •  .**<•*«*? 

I.OIJIM* 

*,n|)07*  »,6***a3.e 

Mmm 

•.I'HVf 

e.m«M 

4, 744701%  ., <%*«)%) 

6.1*1**** 

a,no«) 

■  <«WM 

3,7413414 

*.»i*M?* 

xlMMV 

0. 7703117  *,0^110%) 

«, 77149)4  .,<914044 

4.644)9») 

-IMi*)* 

4,7407)14  *,|4%4)«» 

>.94*1139 

0,m«lV7 

*.41*4*19 

*,t«M**i 

*,»*)7*)4 

%,6***M? 

4,1.41*930 

C,«m?43  >,**•*, H* 

1,4*4433.  .,*3*2)7* 

>t»U»Vk? 

»,«*4?14? 

*,4343141 

%,t*?«*** 

*,) 

l,airll>t9  .,*3 114%*4 

*.H*s*M 

>.<»«*** 

*,1*2*0) 

#.,*3tt3M  .fc4^4*«i. 

4317421 

■».i  *n  ♦*» 

l.DWili  .,7p)<ii» 

*.i*m** 

*  ,fet*4**| 

*»«»*%( «1 

•,rit4^3i 

4,)*4»M4 

«>***)*)• 

#,»s344)4  ■,-'«)  fi.%1-4 

*,!%** ) )« 

4*»443\V7  ■,e*.vt;.p.4 

*»4**N)  . 

4,4*7*>i* 

6* 

■»:,  OfclO  3 

a,f»?£i)%« 

1,71)11*1  »,€!•'.  3*M 

*.  h  fv*5  V 

e,38#%>#4 

*,*i)))t)  ,,*13.. *4 

•  .*4*1  lltt  ‘  <4 

!f. 

**M>***«> 

1 

j,V«»*40  i,T$7)ut 

I.HiMtl 

1  ,*)?**  *'*  w,4: »'•»•*! #4 

.,1*4))4.4 

), «)«<**. 

V  ,««*♦*$% 

*.  *»46f?4 

*.*«»m* 

.,<.44341# 

.,243)44* 

«.eiw{4 

».|9hMS 

..#**J7M 

•  <*«»uy 

■  t  H4^t* 

*.  Him* 

x.0*7*U 

■  .suMH** 

6. *1)1*14 

*.*#*4M» 

i.hii  m 

LOWER  PART 


X 

z 

X 

z 

u.OiOOvl? 

•,0l)U*)42 

9>*0'#*47S 

-.0725326 

9. 030? >47 

-.OOSO??/ 

V. 40801% 7 

•,07)7)36 

t-.OOQv?47 

•.007602/ 

u.*7*r>i06 

-.om/oo 

y.o-'OM^ 

-•0040<.J*> 

0«4lbMJ2 

-.0700287 

r.OOO'*'.)! 

-.01022UO 

0.4  431971 

-,060)3)2 

v •  Ou  1 5  7^-> 

U.S001 76b 

-♦06*3)76 

b.0'»is03<. 

-.0)2)0  In 

U.S06702) 

-•06751  JO 

e.Oe  )*>■>)  * 

-.012W43 

O.bUJOV? 

-•066636/ 

v.OtJ)  77%* 

-.0))3?%<» 

0.b?O22’4M 

-•063643* 

w.ooiM-*;* 

••0) 3/10J 

0.i?74bb3 

-,06*6663 

•.9)4*008 

0.3r-)272 

-.06156)* 

b.UO?*>97 

-.013) *0# 

O.S«*3)  744 

-.0621)4) 

1.Q03)  7v> 

•  «0)t»90*-> 

0,b‘»l6,»7'4 

-.0609*73 

(r.3iJ«UU 

U,Sb4S499 

-.0403?)* 

-.0)473?'. 

0«SOiM<%7 

-.OsOOl/J 

b. 00^27**  ■» 

-.020V24U 

o.*>72o»U* 

-.0676037 

tf.OOvU)  J 

-.021972-, 

-♦OW^)* 

♦  OOO';?'*^ 

-.02 30001 

O.VM6240 

-. 064)413 

9,l)«7j44? 

-.D?*0>*4 

0.40))0b2 

-.062341* 

9,091*?  J%4 

-.02'»)3)o 

U.M01S72 

-;06Q38*2 

U.0-)41097 

-♦024)fo7 

0  •414724  1 

-.o*4?y*6 

9,^09  dj',? 

•,02*)l’»’ 

0.4280062 

-,046436) 

*.0)04?lt 

.,02^024/ 

V*4l»4$?S 

-.046)644 

v.oil 7?«0 

•,0?*vtO* 

w.4*4  17*% 

«. Q*)33*6 

9.0)2^01 

•,029144,» 

o*4>40S3b 

-.341**84 

0.01)ee»<» 

•.ojovo/o 

o.fr4372*? 

-.0344)** 

u.OJSD* 

-*032)* l 7 

1.4f?7l84 

-,03743*1 

9,0)79419 

t|.4*)<f4lA 

-  »  0  334  33'J 

t ,0)7*2«4 

*,6)19*%*» 

0*64)-»mJ4 

-,0)3*/T»4 

U,0)441U| 

If.  70)  ill* 

-.01)394? 

9.01477)2 

•.03^)6** 

U.7) )443* 

&.02071?-, 

-,0^7703 

W. 722 1414 

-.024*3*1 

9.0?|4i7l 

u,  »?. ‘•42*3 

-,5?S*U *0 

4.0?il»?» 

-•037^O»i» 

0.7743042 

»,02*) #  )* 

9.0?%3O4 

44* 

b„  M4Q8  X'i 

-,02?w*i* 

W,0?S434» 

•.04«47??() 

0. 7*44*)6 

-.02)712? 

9.02*4447 

-.0J42) J7 

.0*7^4;?? 

-.020**0* 

U.02H14? 

-.♦0*94174 

v.7a*>%1) 

.,9)V),44 

v*,01?J)4> 

-.?%)7»2I 

4.74?^*1* 

-.4)160?'* 

4.9)4)07? 

«. 74*30*4 

*.0)64*91 

9.0*3%4l$ 

-•{?»#?#&) 

0,771264* 

♦, 916^*83 

«♦»  }!k^4 

■*|4 J%7  * ) 

.,0| 16*4) 

8,  »**«$:» 

•,0)26?4) 

o.e%*!*n 

**«4SI<*4 

0.7*334  >1 

•♦6)1^444 

*%*%•)({'  i 

«, «*4I14* 

*,0<8466* 

fc.f44W47 

•.86506 1* 

».0494i4* 

V.**)*U4 

.,066%?)# 

V,  «•«•«>?> 

«  •  '  .  7>4t*1 

9. 9471147 

-,0*44911 

5,^'rw)  1 

•.403»»i» 

C, {171^4 

*,(0e**66 

4.D4SI3A4 

*,1viW 

a,M6.4#U 

0.«44|4|% 

•,0471m  * 

*,**44112 

-•  19*1*34* 

■  C  *««  MU 

4  ♦»***’**? 

».49#|3I> 

V»4i*9*V43 

4/73*11 

>,1*46304 

*<w»»*u 

*.l§7*%i3 

•*o*it*n 

»,**n*M 

t,«|67*64 

**HlV%4| 

•*^14^1 

4.114*21^ 

3.474411) 

>.|!8j*W9 

•UlitH** 

4^4 

4*3*1 1*41 

^.I44l4l» 

f.4*l).V3| 

*.40?t44| 

•*04770* 

..911417% 

3.1*44147 

*,1*41341 

»,«sn?)t 

««i*44^3S 

**ilii*M 

**  1 

1,1)17^* 

i.jjtv*.)?? 

*»!)/)«« 

vuMltlii 

>*)I*^*K 

*.?75S-3t5» 

#e24S'*2»4 

*.))3)W7 

♦♦it  ».■*•** 

4.1V4C*) # 

« .  *4*  H  *« 

•  tWlmiUt 

itimm. 

».*)$)#}* 

MlsIW 

<.wHu>  -.hm« 


Kotei  See  note  *t  the  end  Of  table  k.S 
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TABLE  4.2 

Actual  contour  data  of  the 
NLR  7301  airfoil  (conf.  B) 
(measures  in  mm) 


000.000 
000.500 
001.000 
002.000 
003.000 
004,000 
005.000 
006. 00n 
007.000 


0hC-#  coo 
050.000 
060.000 
070.000 
aSo.oic- 

-O/v.OOQ 
100.000 
’10.000 
120.000 
1  JO. 000 

134.500 

137.500 
;4f  .000 
l 30. 000 

»6o.ooo 
170 .000 
175.000 
100.000 


upper 

000.000 
003.250 
004.595 
006.360 
007.750 
008.4 15 
000.030 
U09.520 
009.940 


lower 

-000.000 
-002.820 
-003.780 
-005.025 
-005 .880 
•006.525 
-007.065 
-007.520 


0  1 4 ,  y4  3 
015.800 
Ot3.8-i5 
'•  1 5  9 1 0 

015.800 

015,480 

014.910 

014.055 

012.835 

011.240 

010,410 

00*9.940 

009,450 

007.335 

005.135 

002.933 

001.855 

000.775 


•013, 185 
-913.629 
-013.795 

-013.665 
-013.190 
-012.245 
-010. 010 
-009.030 
-006.945 
-004.760 
-003.765 
-003.165 
-002.645 
-000,780 
000.495 
000,975 
000.860 
000.46$ 


TABLE  4.3 

Test  program  for  the  NLR  7301  airfoil  (conf.  A) 

Basic  program:  amplitude  of  oscillation:  a0=  0.5  degree 
frequencies:  0,  10  and  80  Hz 
transition  strip  at  */c=  0.3 


Incidence 

MACH  NUMBER 

.5  .6  .65  '.675  .70  '.785  7ft  TFT'riZ  ‘.775  T801 

<*nC  0° 

9.8i 

1  ■  50 
7.00 

x  x 

X  X  X  x.  XX  XXXX  X 

X  XX 

X  X  X  X  x  X  X 

'■'ifiuence  of  amplitude  and  frequency  transition  strip  at  x/c=  0-3 


008.000 

oto. 315 

-008.290  1 

[ 

009.000 

010.640 

-008,620 

,t  SI 

010.000 

010.935 

-OOS .  9>.: 

015.009 

012,045 

-MU',  i  10 

V*  ( 

020. OOP 

0  :  '.08G 

-010,990 

y  \  5 ,  ^  ^ ;  - 

-011.695 

0:10.000 

OV.-'i 

|  i 

0.85° 

3.00 


0.85“ 

3.00 


amplitude  a0 

freq. 

MACH  NUMBER 

.5  .7  .75 

0.1;  0.25;  Q.'.'5;  1.0;  1.5° 
ft.i;  0.?5;  0.75;  1.0 

10;  80  HZ 

10;  80 

XXX 

X 

0.5;  1,0° 
2,5;  1.0 


10;  30;  60;  80  Hz 
10;  30;  60;  80 


Additional  tests  with  natural  transition 


Incidence 

amplitude 

freq. 

MACH  NUMBER 

.5  .7  .75 

V  0’35° 

0.5;  1.0° 

10  H* 

XXX 

0.5;  0.75 

80 

XXX 

3.00 

0.5;  1.0 

10 

X 

0.5;  0.75 

80 

X 

0.05 

0.5 

30;  60 

X  X 

Sole  regarding  Tables  4.1  and  4,1 
chard.  The  aodel  was  designed  te 
the  actual  aeasured  shape  of  the 


It  In  fief.  4,t  the  contour  coordinates  have  been  tranaforaed  to  unit 
shape  given  by  Table  4,1,  hut  the  trailing  6dge  was  cut  off  at  s/e*  1.0. 
aedcl  in  given  in  the  table  above. 


itaticnal  .cases  identified  in  Ref.  fc,?.  They  correspond  to  zero-frequency  (k  =  0)  experimental  data  that 
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TABLE  It. 5 

RUN  12201 


I 


i  |  H 

.499 

C2  .50 

STAT. 

QUASI-INSTAT 

,  1  ALPHA 

.85 

FREQ  0. 

RE  in 

!  PO 

10376. 

K  0.000 

CL 

.303 

1.835  0.003 

;  i  RE 

1.70E6 

CH 

.068 

-.076  0.000 

Q  1524. 


UPPERSIOE 

LOWERSIOE 

X/C 

CP  + 

M+ 

CPRE+ 

CPIM+ 

CP- 

N- 

CPRE- 

CP1N- 

.01 

- .  068 

.516 

•12.204 

0.000 

.284 

.420 

11.230 

0.000 

•  05 

-1.148 

.771 

-12.834 

0,000 

-.369 

.591 

9.511 

0.000 

.10 

-.859 

.705 

-9.225 

0.000 

-.372 

.591 

6.417 

0.000 

.15 

-.683 

.665 

-5.214 

0.000 

-.386 

.595 

5.099 

0.000 

.20 

-.647 

.65? 

-5,099 

0.000 

-.403 

.599 

4.469 

0,000 

.25 

-.626 

.652 

-4.183 

0.000 

-.421 

.603 

3.933 

0.000 

.30 

-.635 

.654 

-3.495 

0.000 

-.417 

.602 

3.151 

0.000 

.35 

-.594 

.644 

-2.979 

0.000 

-.429 

,i05 

2.922 

0.000 

.40 

-.587 

.643 

•2.636 

0.000 

-.444 

.609 

2.693 

0.000 

.45 

-.579 

.641 

•2.235 

0.000 

-.445 

.609 

2.177 

0.000 

.50 

-.570 

.639 

'  -2.063 

0.000 

-.397 

.597 

1.333 

0.000 

.55 

-.556 

.635 

-1.776 

0.000 

-.300 

.574 

1.318 

0.000 

.60 

-.539 

.631 

-1.261 

0,000 

-.203 

.550 

1.089 

0.000 

.65 

-.491 

.620 

-.859 

0,000 

-.086 

.521 

.688 

0.000 

.70 

-.408 

.600 

-.458 

0.000 

.029 

.491 

.630 

0.000 

.75 

-.307 

>576 

-.286 

0.000 

.129 

.464 

.458 

0.000 

.80 

-.193 

.548 

-.115 

0,000 

.208 

,442 

.401 

0.000 

.  85 

-.086 

.521 

.057 

0.000 

.269 

.425 

.458 

0.000 

.90 

.012 

.496 

-.057 

0.000 

.298 

.416 

.286 

0.000 

.96 

,089 

.475 

-.516 

0.000 

.301 

.415 

.115 

0.000 

TABLE  It. 6 

RUN  1601 


H  .499 

02 

.55 

STAT. 

INSTAT. 

ALPHA  .83 

FREO 

30. 

RE  IH 

PO  10398, 

K 

.098 

CL 

.311 

1,481  -.170 

RE  1  .‘’0E6 

6  1529. 

C« 

.069 

-.020  .151 

UPPERSIOE 

LOWERSIDE 

K/C 

CP7 

CPHE  + 

CPIH+ 

CP- 

M* 

CPRE- 

CPIN- 

.01 

-.070 

.518 

•10,560 

2.296 

.296 

.417 

6.804 

-3.146 

.03 

-1,163 

.776 

-11.456 

2  >389 

-.351 

,586 

7.090 

-2.048 

.10 

-.846 

.703 

•5.108 

1.833 

-.373 

.592 

4.808 

-1.920 

.13 

-.707 

.672 

•  3,138 

.352 

-.363 

.994 

4.104 

-1.096 

.20 

-.654 

,659 

-4,080 

.853 

-.400 

.998 

3.403 

-.864 

.25 

•  ,633 

.655 

•3.339 

.514 

-.415 

.602 

2.854 

-.738 

.30 

-.642 

,657 

-2.872 

.213 

-.413 

.601 

2.725 

-.614 

.35 

-.599 

.647 

•2.920 

.004 

-.426 

,604 

2.671 

.011 

.40 

-.594 

.645 

•2,413 

.924 

-.440 

,608 

2.356 

.164 

.45 

-.582 

.643 

•2.089 

-.054 

-.440 

•  606 

1.963 

.091 

.50 

-.571 

,640 

-1.804 

-.161 

-.393 

.597 

1 ,668 

.23? 

.55 

-.562 

.636 

•1.398 

-.139 

-.297 

.573 

1 .492 

.238 

.60 

-.542 

.633 

•1.045 

-.155 

-.201 

.550 

1.089 

.164 

.65 

-.494 

.622 

-.705 

-.200 

-.084 

,520 

.652 

.296 

•  TO 

-.410 

.602 

-.412 

-.227 

.030 

.491 

.259 

-.067 

•  78 

-.307 

.577 

-.191 

-.277 

.130 

,464 

.547 

.422 

.80 

-.198 

,849 

.054 

-.279 

.212 

.44} 

.571 

.457 

.85 

-.065 

.522 

.091 

-.256 

.269 

.425 

.562 

,833 

,90 

.011 

.49? 

-.090 

-.152 

.300 

.416 

,440 

.431 

,93 

.366 

.477 

-.466 

-.092 

.302 

.415 

.250 

.264 
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TABLE  1).7 

RUN  1301 


H  .498 

C2 

.44 

STAT. 

INSTAT. 

ALPHA  .85 

FREO 

80. 

RE 

IM 

PO  10398. 

K 

.282 

CL 

.290 

1.355 

.015 

RE  1.70F6 

0  1524, 

CM 

.071 

.096 

.310 

UPPER3IDE 

LOWERSIOE 

x/e 

CP+ 

M+ 

CPRE+ 

CPIH+ 

CP- 

M- 

CPRE- 

CPIM* 

.01 

-.014 

.502 

-9.118 

4,392 

.248 

.431 

5.363 

-3.002 

.05 

-1.106 

.760 

-8.298 

3.528 

-.400 

.598 

5.742 

-2.356 

.10 

-.806 

.692 

-6.065 

1.829 

-.402 

.598 

3.390 

-1.596 

.15 

-.693 

.666 

-2.099 

-.165 

-.408 

.600 

3.630 

-1.041 

.20 

-.637 

.653 

-3.772 

.745 

-.418 

.602 

3.043 

-.636 

.25 

-.620 

.649 

-3.161 

.289 

-.436 

.606 

2.556 

-.359 

.30 

-.635 

.653 

-2.886 

-.023 

-.431 

.605 

2.217 

-.317 

.35 

-.594 

.643 

-2.839 

-.250 

-.441 

•  608 

2.911 

.124 

.40 

-.508 

.642 

-2.251 

-.357 

-.452 

.610 

2,8?9 

.443 

.45 

-.576 

.639 

-1.996 

-.462 

-.451 

.610 

2.216 

.503 

.50 

-.570 

,638 

-1.819 

-.556 

-.402 

.598 

2.062 

.727 

.55 

-.56? 

.636 

-1.352 

-.610 

-.304 

.575 

1.573 

.807 

.60 

-.544 

.631 

-1,034 

-.643 

-.206 

.551 

1.132 

.821 

.65 

-.499 

.621 

-.663 

-.645 

-.089 

.521 

1.005 

1.079 

.70 

-.415 

.601 

-.526 

-.690 

.026 

.491 

.177 

.151 

.75 

-.313 

.577 

-.321 

-.748 

.128 

.464 

.999 

1.244 

.80 

-.200 

.549 

-.102 

-.749 

.209 

.442 

1.125 

1.202 

.85 

-.091 

.521 

-.057 

-.714 

.266 

.425 

1.367 

1.166 

.90 

.007 

.496 

-.158 

-.561 

.299 

.416 

.932 

.836 

.95 

.085 

.475 

-.481 

-.048 

.301 

.415 

.488 

.450 

TABLE  !*.8 


RDM  1 4403 


4TAT.  QUART-tmsTat. 

RE  IM 

Cl  .715  3.250  n.onn 

CM  .074  ..373  n.onn 


"  .696  r?  .so 

alpha  js.oo  frfb  n, 

po  io??o.  k  o.nno 

RF  P.11F6 
0  P509. 


UPPERSI06  LOUFRSIOE 


x/c 

CP+ 

M+ 

CPRE  + 

CPIM  + 

CP- 

M- 

CPRE  - 

(PTM- 

•  01 

•  no4 

,645 

-5.500 

O.Onn 

.601 

.449 

6.474 

o.onn 

*05 

-1 .661 

1.398 

-7.219 

o.onn 

-.092 

.731 

7.907 

n.onn 

•  10 

-1.671 

1  .403 

-7.850 

n.onn 

-.?m 

.773 

6.704 

n.onn 

•  15 

-1 .607 

1 .366 

-6.021 

n.onn 

-.258 

.794 

5.844 

n.onn 

•  PO 

-1.56? 

1.344 

-8.308 

n.nnn 

-.312 

.614 

5 . 386 

o.onn 

•  25 

-1 .536 

1.331 

•9.969 

o.onn 

-.356 

.631 

5.042 

n.onn 

•  50 

-1.506 

1.316 

-11  .803 

O.nnn 

-.373 

.637 

4.813 

n.onn 

•  55 

-1 .516 

1.321 

-22.746 

n.nnn 

-.409 

.651 

4.183 

n.onn 

•  40 

-1 .406 

1.266 

-57.640 

n.onn 

-.483 

.866 

3.696 

n.onn 

.45 

-.585 

.918 

-44.790 

n.onn 

-.4.5 

.673 

3.323 

n.oon 

•no 

-  .576 

.915 

1.316 

o.onn 

-.412 

.652 

2.922 

o.onn 

•  55 

-  .631 

.936 

9.626 

n.onn 

-•?90 

.606 

2.177 

n.onn 

« 50 

-.645 

.941 

6.65? 

n.onn 

-.169 

.760 

1.604 

o.oon 

.65 

-.589 

.920 

B.Pltt 

o.onn 

-.044 

.713 

1.261 

0,000 

.70 

-.471 

.675 

2.693 

o.onn 

.079 

.666 

1.089 

o.onn 

.75 

-.337 

.824 

1.318 

o.nnn 

.184 

.625 

.974 

n.oon 

.60 

-.200 

.77’ 

.458 

o.oon 

.267 

.592 

•  91T 

o.onn 

.65 

-.075 

.7P5 

-.057 

o.onn 

.324 

.664 

.859 

o.oon 

.90 

.032 

.664 

-.286 

o.onn 

.356 

.656 

.748 

o.oon 

•  95 

.114 

.693 

-.266 

o.oon 

.354 

.357 

.630 

o.oon 
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RUN  3805 


TABLE  4.9 


M  .696 
ALPHA  A. 00 
P0  10220. 

RE  2.11E6 
,j  2506. 


C2  .92 
FREW  30. 
K  .072 


CL  .705 
CM  .072 


INS1AT. 

RE  !<• 

2.82  -.90 

.296  .106 


UPPERSIUE 


LOWEHSIUE 


.001 
-1.669 
-1.&82 
-1.622 
-1,572 
-1.549 
-1,470 
-1.463 
-1.122 
-.720 
-.620 
-.622 
—  *  65 1 
-.574 
-.464 
-.535 
-.198 

-.074 

.055 

.112 


,  695 
1.398 
1.405 
1.572 
1.346 
1.326 
1.298 
1.290 
1.134 
,969 
.930 
.931 
.934 
.914 
.871 
.821 
.770 
.723 
.683 
,632 


-4,068 

-6.156 

-9.323 

-9.811 

-9.516 

-8.715 

-10.091 

-14.293 

-74,021 

-54.136 

-.667 

10.303 

6.852 

5.066 

2.838 

1.978 

1.026 

,435 

.022 

-.469 


1.563 

1.863 

1.586 

1.036 

2.170 

2.920 

5.812 

8.129 

40.662 

3.267 

-6.649 

-6.919 

-5.420 

-3.002 

-1.691 

-1.062 

-.487 

-.362 

-.473 

-.596 


4.475 

6.187 

4.633 

4.300 

3.680 

3.458 

2.353 

3.645 

4.446 

5,831 

3.454 

2.630 

2.305 

1.858 

,353 

1.575 

1.795 

1,»26 

1,565 

1.153 


-2.328 

-2.665 

-2.476 

-2.078 

-2.034 

-1.909 

-2.017 

-1.367 

-1.226 

-1,196 

-.855 

-.647 
•  .562 
-.322 
-.393 
,965 
,192 
.310 
,  066 
-.251 


RUM  3905 


TABLE  1*.  10 


M  .646 
ALPHA  3.00 
PO  10220, 

HE  2.1 VEt 
u  2609. 


C2  .98 
FREW  30. 
8  .07? 


1NSTAT. 

RE 

2,863 

.306 


UPPERS t HE 


LOUCWSlOi 


1 

1  i 

x/c 

CP  + 

M4 

\ 

.  .01 

.013 

,691 

t 

.06 

- 1.664 

1 . 399 

l 

,10 

-1.686 

1.411 

.16 

-1 »6?2 

1.375 

1  . 

•  20 

-1,554 

1,339 

} 

.29 

-1.312 

1.317 

f 

.30 

-1.454 

1.288 

.'35 

-1,229 

1.1f3 

.40 

-1.110 

1,130 

.49 

-.931 

1.063 

,60 

.  -.746 

.981 

\ 

.59 

-  ,669 

.99U 

.60 

-.610 

.927 

f  ..  ; 

,65 

-.552 

.405 

V  il 

.70 

-.446 

.865 

1  : 

.75 

-.320 

.817 

.80 

-.190 

,76ft 

i  1 

.83 

-.070 

.723 

.90 

.031 

.604 

l  • 

.99 

.107 

.653 

-5,628 

1,316 

-.084 

-8.972 

1.17? 

-.20* 

-7.443 

1.635 

-.263 

-6,761 

2.27* 

-.314 

.-0,630 

2.748 

-.367 

-9.320 

3  526 

-.384 

-31.991 

17,920 

-.416 

-34.710 

18.621 

-.433 

-23.733 

10.02? 

-.460 

-7.737 

-1.004 

-.413 

2.002 

*3.133 

-.292 

6.394 

-4,290 

-.172 

5.043 

-V.86S 

-.046 

3.157 

-1,810 

,077 

1.374 

-.900 

.102 

.746 

-.447 

.262 

.141 

.,*79 

,320 

-.086 

-.333 

.331 

-.114 

-  ,538 

.331 

H- 

CPH'C- 

.447 

3.921 

.720 

3.663 

,773  ' 

4.267 

,796 

4,323 

.817 

3.697 

.835 

3.240 

.841 

3.033 

.634 

3.633 

,067 

1.728 

,873 

3.393 

.854 

3.030 

.607 

2.411 

.762 

1.796 

.714 

1.468 

.667 

,»32 

•  626 

1,271 

-.894 

1.331 

.371 

1.368 

.356 

1.191 

•  338 

1.02* 

-2.109 

-2.194 

-2.12? 

•1,770 

-1.783 

-1.666 

-1.784 

-1,288 

-1.061 

-1,039 

-.732 

-.536 

-.410 

«,S48 

-.349 

-.002 

.ISO 

.171 

.037 

•.280 


I 


I 
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RUnl  5?705 


TABLE  It.  11 


n 

fli.PHA 
l>0 
KC 
W 


<  695 
3.00 
10265. 

2.12E  f, 
2511. 


C2  .55 

i-'KEu  80, 
A  .192 


CL 

CH 


STAT. 

•  S'*** 

.0/2 


INSTAT. 

Re  IN 

1.5m  -.909 


.210 


.08? 


IJPt'LHBiOC 


LOwCNSIOE 


X/C 

.01 
.05 
•  111 
.15 
.20 
.25 

.30 

.33 

.mj 

.95 

.50 

.55 

.60 

.63 

.70 

.75 

•  HO 
.83 

•  <»0 

.•*5 


CP* 

.010 
-1.65/ 
-1.66/ 
-1 .609 
-1.55/ 
-1.520 
-1.458 
-1.464 
-1.048 
-.68/ 
-.600 
-  *62h 

-.639 

-.565 

-.466 

-.334 

-.199 

-.074 

.032 

.112 


8. 

.691 
1 .384 
1.395 
1.361 
1.3  36 

I. 31/ 

J. 241 
1 .284 
1.122 

.955 

.924 

.931 

.036 

.916 
.471 
.821 
.770 
./?  3 
.6«2 
.652 


CPNt* 

-2.639 
-4.196 
-3.680 
•6./3S 
-5 . 944 
-5.168 
-3.517 
-6.493 
-18.161 
-12.599 
-2.708 
1.611 
1.744 
1  .457 
.874 
•  Z39 
.690 
.385 
.125 
-.284 


LPIH* 

1.667 

2.153 

1.892 

3,486 

3.449 
3.809 
5.595 

12.094 

42.695 

9.450 
-5.711 
-7.332 

-9.694 

-3.25b 

-2.002 

-1.362 

-.849 

-.810 

-.354 

-.290 


CP- 

.599 

-.095 

-.206 

-.26/ 

-.323 

-.368 

-.390 

-.417 

-.453 

-.473 

-.415 

-.294 

-.173 

-.044 

.078 

.162 

.264 

.324 

.355 

.354 


M- 


CPRE- 


CPIN- 


,44J 

2.724 

-1.662 

,730 

3.438 

*1.706 

« 77«£ 

2.436 

-.983 

.795 

2.347 

-.805 

•  ait. 

2.223 

-.693 

.833 

1.997 

-.502 

.841 

1,267 

.136 

,852 

2.171 

-.180 

,863 

2.266 

-.372 

*872 

2.020 

-.199 

•  851 

1.870 

-.002 

.805 

1.507 

.163 

.760 

1.210 

.254 

.711 

1.104 

.418 

.665 

.225 

.067 

.624 

1.358 

•  411 

.592 

1.582 

.293 

,567 

1.870 

.247 

•  555 

1,404 

.036 

.595 

.748 

-.166 

91“  16408 


TABLE  It.  12 


H  .744 

»1°H*  .63 

«‘0  10332. 

2.23C0 
«  3772. 


03  .81) 

P«CQ  n. 

*  o.oou 


ST*T. 

Ct  .4(1 
CM  .106 


QUASI. 


Mf 

3.322 

1.239 


INC TAT. 
IM 

n.oco 

O.UOQ 


iiuiH'Pctnr 


»/C 

CP* 

.01 

.335 

.05 

-1.181 

.18 

-'.U8 

.15 

-'.IIS 

.20 

-1.074 

.25 

-1.860 

.SO 

-»  .04? 

.35 

-1.8,4? 

.48 

-1 .834 

,4$ 

-1.046 

.50 

-1.062 

.55 

-1 .843 

.48 

-1,801 

.65 

,70 

-.843 

.75 

4,38? 

.40 

•.t»4 

.45 

-.95* 

.40 

.863 

.48 

,163 

LPWTOtsTdir 


M* 

•  60? 
1.324 
1.334 
1 . 2.38 
1.21? 
1.288 
1.381 
'.197 
1.197 
1.201 
1.209 
1.381 
«,179 
1 .076 
.957 
.871 
.617 

•  Hi 

.716 

.677 


CWU* 

-5.214 
-11.230 
-6.683 
*1 0.94 J 
-14.497 
-19.032 
-31.964 

-16.319 

•16.342 
-10.194 
-17.762 
-16.19? 
-1.2,777 
“16,610 
2.949 
1 .376 
*•266 
-.616 
,»01 
3.00$ 


CPIN* 

8*088 

0.888 

8,088 

0,068 

8.088 

6,008 

0,066 

O,0nrt 

0,088 

0,088 

0,988 

0*090 

8,088 

0.000 

0,088 

0.088 

0.000 

4,008 

0,008 

0.088 


CP- 

M. 

CP»t- 

,8*3 

.684 

0.193 

-.440 

.*30 

11.001 

-.454 

.444 

9.(03 

-.516 

.459 

7,9(4 

-.46* 

,9?4 

7.739 

-  *61 2 

1.008 

9.692 

-.620 

1.005 

7.0*7 

—  641 

1.017 

7.907 

-.676 

l.03» 

7.04? 

-.468 

1.631 

9,157 

-.53? 

.477 

4.133 

-.3*6 

.6*2 

3.235 

— 1|4 

.620 

2,0(1$ 

—  fl|4 

.75  A 

1.66? 

,04* 

.783 

*.662 

.304 

.646 

2.0HS 

.241 

.626 

1.69) 

.443 

.680 

1,091 

.345 

.561 

2,130 

,  39.4 

.574 

3.17? 

CP1K- 

8.008 

8.006 

0.000 

0.008 

8.(188 

0.006 

0,066 

0,006 

n.oort 

0,006 

0,086 

8,086 

".086 

0.086 

8.000 

0.080 

0*00(1 

6.008 

6.800 

0.000 


TABLE  U. 13 

RUN  960fi 


«  .7** 

C2 

.*6 

STAT. 

INSTAT. 

ALPHA  .fit) 

FR£U 

30. 

RE  Id 

PO  IDAHO. 

K 

.068 

CL 

.*63 

2.710  -.91* 

RE  2.23EA 

U  ?7B5. 

CM 

.105 

.157  .07* 

UPPERSIOE 

L0WERS1OE 

X/C 

CP* 

5* 

CPRE+ 

CPIN* 

CP- 

H- 

CPRE- 

CPIM- 

.01 

.329 

.605 

-3,845 

1.210 

.332 

.60* 

*.500 

-2.39* 

.05 

-1.093 

t.22b 

-8.93* 

2.739 

-.*35 

.92* 

7. *9* 

-2.975 

.10  . 

-1.153 

1.257 

-0.638 

1.809 

-.*86 

.9*5 

6.085 

-2.661 

.15 

-1.111 

1.23* 

-8.95* 

1.699 

-.517 

.959 

6.092 

-2.130 

.20 

-1.062 

1.210 

-7.823 

3.18* 

-.566 

.980 

5.631 

-2.170 

.25 

-1.0*1 

1.199 

-0.752 

3.917 

-.619 

1.003 

5.68* 

-2.3*6 

.30 

-1.023 

1.190 

-10.687 

*.692 

-.627 

1.006 

6.3*5 

-1.730 

.35 

-1.009 

l.lrt* 

-12.728 

6.138 

- .  652 

1.017 

6.361 

-l.*23 

.*0 

-1.012 

1.155 

-12.752 

7.085 

-.687 

1.032 

5,06* 

-1.61* 

•  *5 

-1.011 

1.1AS 

-1*.2!3 

8,315 

-.665 

1.023 

3.797 

•1,090 

.50 

-1.007 

1.108 

-10.5A6 

11,621 

-.56* 

.979 

2.687 

-.537 

.55 

-1.030 

1.19* 

-13.956 

5.602 

-.360 

.892 

.816 

.038 

.60 

-t .030 

L.19* 

-9.4*7 

1,031 

-.187 

.821 

.393 

.102 

.65 

-.722 

1.0*9 

20.13* 

-12. *38 

-.035 

.758 

,0*9 

.119 

.70 

-.**9 

.931 

6.371 

-*.0*0 

.096 

.70* 

.111 

-.0*3 

.75 

-.297 

,867 

3.070 

-1.5*5 

.200 

.660 

1.217 

.352 

.AO 

-.160 

.013 

1.813 

-.*55 

.276 

,628 

1 ,  *95 

.*33 

,A5 

-.0*8 

.76* 

.563 

-.076 

.337 

.602 

1.636 

.*97 

.90 

.061 

.719 

-.606 

-.127 

.375 

.  ,568 

1.032 

.167 

.95 

.150 

,6A2 

-l.*29 

-.302 

,387 

.560 

,319 

-.168 

TABLE  B.lB 


RUN  6706  . 

H  '.799  C2  .61  STAT.'  IN5TAT. 

ALPHA  ,83  FREO  80.  RE  M 

P0  10343.  K  ,161  CL  ,971  .  l.Hf«  -.366 

HE  2.22E6  CR  .106  .033  ,833 

a  8770.  -;- 


UPPE8S10C  LOUEHSIOE 


*/C 

CP* 

CPHE* 

CH1R* 

cp- 

.  '■ 

t'lR* 

.01 

,324 

.608 

>2,905 

1.972 

,340 

.601 

4.797 

-1.772 

.05 

-1.107 

.1,431 

-6.7*3 

4.710 

-.920 

.921 

4.809 

-2.291 

,10 

-1.167 

■  1.2*3 

-S.S25 

1,091 

-.989 

.999 

5.170 

-1.507 

.15 

-1.123 

1.290 

-3.996 

2.970 

-.311 

.956 

3,203 

-1.999 

.20 

-1.077 

U214 

-9.065 

3.026 

-.565 

,970 

3.051 

-1.236 

.23 

-1.059 

1.207 

-9.067 

3.993 

-.607 

.997 

2,939' 

-1.079 

.30 

-1.0*1 

1.198 

-9.510 

9,799 

-.622 

1.005 

3.698 

-.765 

.35 

-1,052 

1,10* 

-9,400 

6.0)9 

-.692 

1.012 

3,5*9 

-.292 

.*0  : 

-1.032 

1.195 

-3,607 

6.916 

-.677 

1*020 

2.649 

.105 

.*5 

-1.041 

1.1*4 

-3*331 

7.456 

-.657 

1.01* 

2.150 

.971 

.30 

•1.015 

1.183 

*2,966 

10.797 

-.330 

.976 

1.413 

1.239 

,35 

-4.019 

1.U* 

-3.069 

9*909 

-.359 

.092 

*837 

1*266 

.60 

-.9*4: 

1.175 

-6.739 

1,791 

-.107 

.  -ISO 

.259 

1.139 

.65 

-.679 

1.027 

-9.211 

•19,639 

-.053 

•..,75» 

*133 

1.516 

.70  -.630  .030  .372  >6,0*1  .096  .70*  .0*2  .882 
.73  -.303  .669  1.363  -8.9*9  .208  .639  1.419  .9** 
.60  -.171  .61*  1.331  -1.6*9  .876  .627  1.716  .963 
.AS  —030  .76*  .6*9  -1.802  .339  .601  1,907  .339 
.90  .060  .719  >,00*  -.*09  .360  .9*3  1.033  .893 
.99  .1*9  .688  -.771  .330  .386  ,379  .308  .269 


TABLE  !».15 


Pressure  distributions  for  NLR  7301  with  control  surface  and  transition  strip  at  x/c  -  .07 
ZERO  FREQUENCE  TEST  DATA  NLR  7301  WITH  OSCILLATING  FLAP 

UPPERSIDE  LOWERSIDE 


X/C 

CP+ 

M+ 

CPRE+ 

CPIM+ 

CP- 

H- 

CPRE- 

CPIM- 

.010 

.121 

.470 

-2.816 

.000 

.067 

.485 

3.157 

.000 

.030 

-.940 

.730 

-4.084 

.000 

-.467 

.619 

3.189 

.000 

.050 

-.873 

.715 

-3.457 

.000 

-.535 

.636 

2.607 

.000 

.100 

-.627 

.657 

-2.129 

.000 

-.465 

.619 

2.207 

.000 

.150 

-.568 

.644 

-1.839 

.000 

-.468 

.620 

1.846 

.000 

.200 

-.544 

.638 

-1.718 

.000 

-.474 

.621 

1.706 

.000 

.250 

-.533 

.635 

-1.670 

.000 

-.481 

.623 

1.646 

.000 

.300 

-.523 

.633 

-1.622 

.000 

-.489 

.625 

1.645 

.000 

.350 

-.511 

.630 

-1.597 

.000 

-.485 

.624 

1.645 

.000 

.400 

-.509 

.630 

-1.621 

.000 

-.496 

.626 

1.685 

.000 

.450 

-.504 

.628 

-1.597 

.000 

-.483 

.623 

1.786 

.000 

.500 

-.500 

.627 

-1.693 

.000 

-.430 

.611 

1.807 

.000 

.550 

-.489 

.625 

-1.766 

.000 

-.328 

.586 

1.768 

.000 

.600 

-.469 

.620 

-1.958 

.000 

-.222 

.560 

1.770 

.000 

.650 

-.421 

.608 

-2.102 

.ooo 

-.109 

.531 

1.812 

.000 

.700 

-.340 

.589 

-2.389 

.000 

.008 

.501 

1.854 

.000 

.725 

-.286 

.576 

-2.509 

.000 

.053 

.489 

1.854 

.000 

.760 

-.271 

.572 

-3.496 

.000 

.115 

.4  72 

1.975 

.000 

.  77S 

-•  2  3S 

.563 

-2.580 

.000 

.138 

.465 

1.635 

.000 

.800 

-.171 

.54  7 

-1.761 

.000 

.174 

.455 

1.355 

.000 

.850 

-.067 

.520 

-1.013 

.000 

.227 

.440 

.955 

.000 

.900 

.020 

.498 

-.361 

.000 

.259 

.431 

1.016 

.000 

.950 

.097 

.477 

-.408 

.000 

.269 

.428 

.575 

.000 

TEST  DATA 

HOUEL 

DATA 

OVERALL  DATA 

STEADY 

UNSTEADY 

MEETRUNNR. 

250 

ALPHA 

.00 

DEC. 

RE 

IM 

HACK 

.503 

DELTA 

.02 

DEC. 

NORMAL  FORCE  CL 

.173 

1.090 

.000 

Q  (PA) 

15004 

AM  PL. 

.95 

DEG. 

HOHENT ( 1 /4C )  CM 

.058 

.393 

.000 

RE  1 

.  69E6 

FREQ. 

.0 

1(2 

FLAP  FORCE  RC 

.0625 

•  16J4 

.0000 

HARM 

10ENTNR. 

l 

10 

RFREQ 

.000 

HINGE  MOMENT  NC 

.0059 

.0246 

.0000 

TABLE  1*. 

16 

FUNDAMENTAL  FREQUENCY 

TEST  DATA 

NLR  7301  UITN 

OSCILLATING 

PLAP 

UPPERSIDE 

LOWER SIDE 

X/C 

CPA 

H4 

CPRIA 

CUHA 

CP- 

H- 

CPRC- 

CP1H- 

.010 

.126 

.469 

-2.139 

1.234 

.069 

.484 

2.243 

•1.319 

.030 

-.933 

.724 

•3.013 

1.337 

-.464 

.614 

2.673 

-1.422 

.030 

-.447 

.713 

-.443 

1.411 

-.331 

.634 

.973 

-1.323 

.100 

-.634 

.651 

•1.930 

.9(7 

-.472 

.430 

1.900 

-.460 

.130 

-.370 

.643 

-1.344 

.733 

-.471 

.620 

1.349 

-.439 

.200 

-.343 

.634 

-1.234 

.629 

-.474 

.621 

1.321 

-.473 

.230 

-.334 

.633 

-1.237 

.429 

-.4(3 

.623 

1.201 

-.364 

.300 

-.332 

.432 

•1.343 

.443 

-.448 

.624 

.974 

-.344 

.330 

-.312 

.650 

-1.362 

.444 

-.4(4 

.624 

1.304 

-.447 

-400 

-.50V 

.424 

-1.290 

.421 

-.497 

.626 

1.419 

-.439 

.430 

-.303 

.424 

-1.423 

.411 

-.4(3 

.623 

1.414 

-.439 

.300 

-.3Q1 

.427 

-1.351 

.266 

-.431 

.610 

1.321 

-.320 

.330 

-.4(7 

*424 

-1.330 

.266 

-.324 

.343 

1.622 

-.201 

.400 

-.470 

.420 

-1-420 

.247 

-.222 

.339 

1.774 

-.024 

.630 

-.421 

.601 

-1.934 

.239 

-.107 

.310 

1.929 

.132 

.  200 

-.340 

.3(4 

-2.347 

.074 

.009 

.300 

1.970 

.319 

•  723 

-.3(3 

.574 

-2.416 

.144 

.057 

.4(7 

1.973 

.205 

.740 

-.269 

.371 

-3.444 

.072 

.117 

.471 

2.123 

.492 

.773 

-.233 

.362 

•2.724 

-.213 

.140 

.443 

1.744 

.471 

.100 

-.172 

.547 

-1.711 

-.213 

.174 

.433 

1.543 

.436 

.430 

-.067 

.  320 

-.901 

-.159 

.224 

.440 

1.119 

.429 

.100 

.022 

.447 

-.344 

-.069 

.261 

.430 

.953 

.342 

.430 

.047 

.4  74 

-.423 

-.194 

.270 

.424 

.317 

.223 

TESY  DATA 

HODRL 

DATE 

OVERALL  DATA 

STEADY 

UNSTEADY 

NKETRUNNI. 

233 

ALPHA 

.00  DEC. 

RE 

IN 

HACK 

.302 

DELTA 

.02  etc. 

NORMAL  FORCE  CL 

.172 

.927 

-.197 

0  1PA1 

13024 

AHFL. 

<97  DIO. 

MOMENT!  1  / AC )  ON 

.034 

.414 

.043 

44  1 

.44(6 

FREQ. 

30.0  HE 

PUP  PORCE  RC 

.0423 

.1703 

.0374 

(ARM 

1 

RFREQ 

.094 

NIECE  MOMRST  NO 

.0034 

.0255 

.0077 

locum. 

(0 

TABLE  It.  17 


ZERO  FREQUENCY  TEST  DATA  NLR  7301  WITH  OSCILLATING  FLAP 


UPPERSIDE 


LOWERSIDE 


x/c 

CP+ 

M+ 

CPRE+ 

CPIH+ 

CP- 

M- 

CPRE- 

CPIM- 

.010 

.009 

.699 

-.832 

.000 

.583 

.461 

1.305 

.000 

.030 

-1.467 

1.312 

-.984 

.000 

.055 

.681 

1.750 

.000 

.050 

-1.597 

1.381 

-1.214 

.000 

-.107 

.743 

1.775 

.000 

.100 

-1.562 

1.361 

-1.078 

.000 

-.208 

.  782 

1.574 

.000 

.150 

-1.501 

1.329 

-1.345 

.000 

-.259 

.801 

1.550 

.000 

.200 

-1.459 

1.307 

-1.522 

.000 

-.312 

.821 

1.614 

.000 

.250 

-1.430 

1.293 

-2.411 

.000 

-.  356 

.838 

1.644 

.000 

.300 

-1.302 

1.230 

-10.641 

.000 

-.380 

.847 

1.683 

.000 

.350 

-.857 

1.035 

-23.199 

.000 

-.424 

.864 

1.890 

.000 

.400 

-.633 

.945 

-3.794 

.000 

-.466 

.880 

2.258 

.000 

.450 

-.616 

.939 

.741 

.000 

-.476 

.884 

2.263 

.000 

.500 

-.641 

.949 

.823 

.000 

-.423 

.864 

2.263 

.000 

.550 

-.638 

.94  7 

-.449 

.000 

-.  304 

.818 

1.914 

.000 

.600 

-.605 

.934 

-1.202 

.000 

-.188 

.774 

1.957 

.000 

.650 

-.506 

.8  96 

-1.699 

.000 

-.062 

.726 

1.971 

.LOO 

.700 

-.381 

.848 

-1.984 

.000 

.063 

.678 

2.034 

.000 

.725 

-.307 

.819 

-2.121 

.000 

.117 

.657 

2.063 

.000 

.760 

-.252 

.7  99 

-2.488 

.000 

.1  78 

.633 

2.235 

.000 

.775 

-.217 

.785 

-1.813 

.000 

.205 

.622 

1.84  7 

.000 

.800 

-.152 

.  760 

-1,168 

.000 

.245 

.606 

1.503 

.000 

.850 

-.042 

.718 

-.74  3 

.000 

-305 

.582 

1.110 

.000 

.900 

.044 

.685 

-.785 

.000 

.338 

.568 

.874 

.000 

.950 

.166 

.661 

-1.093 

.000 

.33? 

.568 

.423 

.000 

TEST  DATA 

MODEL 

DATA 

OVERALL  DATA 

STEADY 

UNSTEADY 

MEKTKUNNR. 

129 

ALPHA 

3.00  DEC. 

RE 

IN 

HACK 

.702 

DELTA 

-.08  DEC. 

NORMAL  FORCE  CL 

.593 

1.410 

.000 

Q  IFAJ 

2  5035 

AM  PL. 

.95  DEG. 

MOMENT!  1/40  CH 

.052 

.484 

.000 

RE  2 

« 1 4k6 

FREQ. 

.0  HZ 

FLAP  FORCE  RC 

.0745 

.1613 

•  0000 

MARK 

l 

KFREQ 

.000 

HINGE  MOMENT  NC 

.0073 

.0282 

.0000 

IDENTNR. 

3 

•sms  u.ie 


FUNDAMENTAL  FREQUENCY  TEST  DATA  NLR  7J01  UITN  OSCILLATING  FUF 


UPFERSIDE  LOWERS  1 0E 


x/e 

CF+ 

H* 

GPRE4 

CFSM4 

CF- 

H- 

CFRE- 

CFIN- 

.010 

.006 

.499 

-.709 

.368 

.3714 

.460 

.940 

-.129 

.030 

-1.472 

1.312 

-.9*2 

.943 

.039 

.679 

1.653 

-.694 

.030 

-1.6U0 

1.380 

-1.121 

.633 

-.103 

.  742 

.  644 

-1.0)7 

.too 

-1.559 

1.338 

-.887 

.703 

-.207 

.781 

.  762 

-.933 

.130 

-1.300 

1.326 

-1.116 

.992 

-.23* 

.  600 

.983 

-.926 

.200 

-1.45 7 

1.303 

-1.220 

1.009 

-.310 

.620 

1.000 

-.666 

.2  30 

-1.426 

1.289 

-1.726 

1.307 

-.336 

•  63  7 

1.097 

-.634 

.300 

-1.272 

1.213 

-5.784 

4.383 

-.374 

.646 

1.193 

-.633 

.330 

-.*60 

1.043 

-17.443 

10.740 

-.422 

.*63 

1.421 

-.161 

.400 

-.632 

.9)2 

-3.231 

.628 

-.462 

.*71 

1.319 

-.6*3 

.430 

-.622 

.940 

-.373 

-1.670 

-.474 

.183 

1.744 

-.646 

.300 

-.640 

.947 

-.030 

-1.932 

-.422 

.163 

1.671 

-.879 

.53C 

-.636 

•  944 

-.698 

-1.3)3 

-.301 

.816 

1.933 

-.49) 

.600 

-.399 

.931 

-1.303 

-.*41 

-.1*1 

.771 

1.990 

-.339 

.850 

-.56* 

.694 

-1.768 

-.336 

-.0)6 

.  724 

2.068 

-.166 

.700 

-.379 

.846 

-2.932 

-.340 

.066 

.676 

2.1*6 

-.030 

.725 

-.337 

.*19 

-2.146 

-.419 

<tl* 

.636 

J.  1*1 

-.070 

.760 

-.233 

.799 

-2.621 

-.232 

.173 

.634 

2.4*1 

•  0S9 

.775 

-.217 

.784 

-1.9U* 

-.640 

.202 

.622 

2.130 

.2)4 

.800 

-.151 

.7)9 

-i . 1 36 

-.595 

.243 

.606 

1.763 

.2*9 

.850 

-.042 

.718 

-.639 

-.342 

.304 

.  5*2 

1*361 

.284 

.900 

.040 

.686 

-.824 

-.169 

.337 

.56* 

1.023 

.219 

•  9S0 

.09* 

.663 

-1.304 

-{ 1 94 

.334 

.569 

.431 

.07* 

TEST  DATA  ttf'Ott  DATA 

MEETRONSR.  I 10  ALFMA  3*  CO  DEC. 

HACK  « 70S  DELTA  .01  DEC. 

<|  I  FA  |  25006  AMFL.  .97  DEC* 

Rt  2.14*6  FRJQ.  30.0  MS 

HARM  t  RFKEQ  .071 

IDCRtNI.  1 


OVERALL  DATA 

STEADY 

UNSTEADY 

RE 

IN 

NORMAL  FORCE 

CL 

.  395 

1.213 

-.3)0 

ilDNmit/tC) 

CM 

.0)3 

•  316 

.069 

FUF  FORCE 

RC 

.0746 

.17*3 

.03(4 

MINCE  NOtlENT 

NC 

.0073 

.0316 

.006* 

TABLE  U. 19 


ZERO  FREQUENCY  TEST  DATA  NLR  7301  WITH  OSCILLATING  FLAP 

UPPERSIDE  LOVERSIDE 


x/c 

CP+ 

H+ 

CPRE+ 

CPIM+ 

cp- 

H- 

CPRE- 

CPIK- 

.010 

.329 

.613 

-.993 

.000 

on 

.621 

1.591 

.000 

.030 

-.958 

1.178 

-1.801 

.000 

-.287 

.874 

2.148 

.000 

.050 

-1.016 

1.207 

-1.983 

.000 

-.451 

.945 

2.308 

.000 

.100 

-1.092 

1.246 

-1.542 

.000 

-.512 

.971 

2.319 

.000 

.  1  50 

-1.034 

1.216 

-2.036 

.000 

-.531 

.979 

2.167 

.000 

.200 

-1.008 

1.203 

-2.465 

.000 

-.582 

1.002 

2.383 

.000 

.250 

-.976 

1.186 

-3.181 

.000 

-.623 

1.020 

2.458 

.000 

.300 

-.956 

1.177 

-4.652 

.000 

-.671 

1.042 

3.444 

.000 

.350 

-.937 

1.167 

-8.831 

.000 

-.690 

1.051 

3.920 

.000 

,400 

-.918 

1.158 

-8.427 

.000 

-.732 

1.070 

4.483 

.000 

.450 

-.872 

1.136 

-8.701 

.000 

-.  701 

1.055 

7.333 

.000 

.500 

-.  748 

1.077 

-9.521 

.000 

-.584 

1.003 

3.770 

.000 

.550 

-.762 

1.083 

-7.920 

.000 

-.376 

.912 

2.504 

.000 

.  6U0 

-.626 

1.022 

-5.886 

.000 

-.204 

.839 

2.268 

.000 

.650 

-.519 

.974 

-1.835 

.000 

-.058 

.778 

2.313 

.000 

.700 

-.380 

.914 

-2.003 

.000 

.077 

.721 

2.401 

.000 

.725 

-.299 

.880 

-2.145 

.000 

.132 

.698 

2. '60  7 

.000 

.760 

-.249 

.859 

-2.340 

.000 

.201 

.669 

2.467 

.000 

.775 

-.214 

.844 

-1.779 

.000 

.228 

.657 

2.142 

.000 

.800 

-.143 

.814 

-1.193 

.000 

.268 

.640 

1.850 

.000 

.850 

-.024 

.764 

-.710 

.000 

.330 

.613 

1.482 

.000 

.900 

.073 

.723 

-.917 

.000 

.369 

.596 

1.169 

.000 

.950 

.142 

.694 

-1.268 

.000 

.372 

.594 

.6  70 

.000 

TEST  DATA 

MODEL 

DATA 

OVERALL  DATA 

STEAOY 

UNSTEADY 

HEETRUNNK. 

160 

ALPHA 

.85  DEG. 

RE 

1M 

MACH 

.754 

DELTA 

.01  DEC. 

NORMAL  FORCE  CL 

.352 

2.043 

.COO 

Q  IPA1 

27304 

AMPL. 

.96  DEC. 

MOMENT! 1 /AC)  CM 

.076 

.814 

.000 

RE  2 

•  23E6 

FREQ. 

.0  !IZ 

FLAP  FORCE.  RC 

.0761 

.1870 

.0000 

HARM 

l 

RFREQ 

•  OCO 

MINCE  MOMENT  NC 

.0073 

.0345 

.0000 

1DENTNR • 

6 

TABLE  L.so 

FUNDAMENTAL  FREQUENCY  TEST  BATA  RLU  7301  U1TM  OSCILLATING  FLAP 
uppBRsm  tmfmttxf 


S/C 

CP6 

K4 

CPRF4 

epiti* 

CF- 

»!- 

CPRK- 

SPIK- 

.010 

.329 

.614 

-.432 

.624 

.314 

.62) 

.918 

-1.126 

.030 

-.936 

1.171 

-.379 

1.044 

-.2*7 

.*75 

1.420 

-1.366 

.030 

-1.017 

1.209 

-.214 

•  92) 

-.432 

.9*6 

.243 

-1.1*7 

.100 

-1.090 

1.247 

-.330 

.919 

-.312 

.972 

.404 

-1.290 

.1)0 

-1.0)3 

1.217 

-.479 

1.313 

-.330 

.vso 

.385 

-1.323 

.200 

-I. 001 

1.201 

-.534 

1.459 

-.37) 

1.000 

.6*0 

-I.37R 

.250 

-.975 

1.161 

-.699 

1.833 

-.621 

1.020 

.836 

-1.467 

.300 

-.9)1 

1. 176 

-.877 

2.324 

-.672 

1.044 

.929 

-1.819 

.330 

-.921 

1.163 

-1.392 

4.194 

-.669 

1.031 

1.909 

-2.222 

.400 

-.171 

1.137 

-3.247 

1.474 

-.72* 

1.069 

2.414 

-2.166 

.430 

-.9)4 

1.119 

-4.606 

4.136 

-.  720 

1.063 

3.143 

-7.934 

.300 

-.100 

1.603 

•7.426 

6.778 

-.313 

1.004 

3.172 

-1.336 

.350 

-.743 

1.0*3 

-10.308 

1.371 

-.377 

.914 

2.172 

-.490 

.too 

-•  %79 

1.047 

-1.004 

-3.403 

-.207 

.642 

1.983 

-.3)9 

.4)0 

-.31) 

.972 

-2.092 

-1.180 

-.039 

.779 

2,122 

-.282 

.  700 

-.371 

.911 

-2.063 

-•  3l8 

.076 

.722 

2.72) 

-.229 

.723 

-.293 

.*79 

•2.294 

-.3*3 

.131 

.  7t>0 

2.299 

-.2?) 

.740 

-.  2 JR 

.633 

-2.377 

-.176 

.201 

.669 

2.342 

— *  1  76 

.7  73 

-.20) 

.  841 

-1.704 

-.613 

.237 

.6)8 

2.  i  77 

-.026 

.100 

-.137 

.912 

-.909 

-.363 

.267 

.441 

1.921 

—ooo 

.•SO 

-.022 

.764 

-.314 

-.296 

.130 

.614 

1.331 

.  026 

.too 

•  Oti 

.716 

-1.031 

-.231 

.369 

.396 

1.122 

-.073 

*930 

.136 

.698 

—  1.604 

— .  264 

.372 

,39) 

.447 

-.19) 

TEST  DATA 

MODEL 

DATA 

OVERALL  DAT* 

STEADY 

UNSTEADY 

MEETRUNNR. 

161 

ALPHA 

.*)  CEO. 

RE 

1M 

MACH  , 

.73) 

DELTA 

.01  DKG. 

NORMAL  FORCE  CL 

.330 

1.373 

—  926 

q  mi 

27)31 

AtlFL. 

.95  DEC. 

MOMENT (1/40)  CM 

.076 

.781 

-.120 

It  1 

•  23*6 

7*  IQ. 

30.0  1U 

FLAP  FORCE  RC 

.0739 

.1977 

.0193 

HARM 

1 

RFREq 

.0*7 

BINGE  MOMENT  NC 

.0074 

.0362 

.0032 

lORRTKI. 

6 

TABLE  U.21 


FIRST  HARMONIC  TEST  DATA  MLR  7301  WITH  OSCILLATING  FLAP 

UPPFRSIDE  LOWERSIDE 


x/c 

CP+ 

H+ 

CPRE+ 

CPIH- 

CP- 

H- 

CPRE- 

CP1H- 

.010 

.329 

.614 

-.015 

.015 

.313 

.621 

-.047 

-.066 

.030 

-.956 

1.178 

-.048 

.042 

-.288 

.875 

-.045 

-.018 

.050 

-1.014 

1.207 

-.007 

-.005 

-.452 

.546 

.016 

.011 

.100 

-1.090 

1.247 

.008 

.005 

-.512 

.972 

-.043 

.001 

.150 

-1.033 

1.217 

-.027 

.026 

-.531 

.980 

-.033 

-.010 

.200 

-.999 

1.199 

-.030 

.063 

-.574 

.999 

-.058 

-.012 

.250 

-.974 

1.186 

-.105 

.153 

-.621 

1.020 

-.111 

-.015 

.300 

-.954 

1.177 

-.139 

.242 

-.674 

1.044 

-.039 

-.088 

.350 

-.930 

1.165 

-.507 

.848 

-.690 

1.031 

-.149 

-.191 

.400 

-.673 

1.137 

-2.026 

2.922 

-.727 

1.068 

-.182 

-.189 

.450 

-.830 

1.117 

-2.427 

-.632 

-.719 

1.06.4 

.968 

-.052 

.500 

-.795 

1.100 

-1.356 

-4.594 

-.582 

1.003 

.159 

.015 

.550 

-.761 

1.084 

2.920 

-3.469 

-.374 

.912 

.012 

.044 

.600 

-.674 

1.044 

2.237 

2.641 

-.202 

.839 

.031 

.001 

.650 

-.510 

.971 

.267 

..514 

-.056 

.778 

.067 

.029 

•  70S 

-.3/1 

.911 

-.110 

.211 

.076 

.721 

.105 

.012 

.723 

-.295 

.879 

-.182 

.029 

.131 

.699 

-.016 

-.010 

.760 

-.239 

.855 

-.202 

-.082 

.202 

.669 

.092 

.003 

.775 

-.206 

.841 

-.339 

-.126 

.227 

.656 

.076 

-.013 

.800 

-.137 

.812 

-.250 

-.159 

.267 

.641 

.056 

-.009 

.650 

-.021 

.763 

-.062 

-.020 

.330 

.613 

.008 

.000 

•  $oo 

.069 

.725 

<142 

.196 

.369 

.596 

-.001 

.020 

.450 

.135 

.697 

.237 

.237 

.372 

.393 

.040 

.014 

TEST  DATA 

MODEL 

DATA 

OVERALL  DATA 

STEADY 

UNSTEADY 

HEETRUNHR. 

149 

ALPHA 

.63  080. 

RE 

IM 

HACK 

.754 

DELTA 

.02  DEG. 

NORMAL  FORCE  CL 

.330 

.037 

.00  7 

0  (PAI 

27328 

AHPL. 

.93  DEC* 

MOMENT  0/40  CM 

.076 

-.004 

.013 

RE  2 

.23E6 

FREQ. 

30.0  HE 

FLAP  FORCE  RC 

.0739 

.0033 

-.0014 

HASH 

2 

AFREQ 

.067 

HI  NOE  MOMENT  NC 

.0074 

-.0013 

-.0021 

IDENTN*. 

6 

TAt&S  «i.8t 


SECOND 

HARMONIC 

TEST 

DATA  RLE 

7301  WITH 

UPPBRSIOE 

X/C 

er« 

M* 

CF8E* 

CF1M4 

.010 

.329 

.614 

.022 

.026 

.030 

*.933 

1.174 

—  632 

•  09 1 

.030 

-l.SUA 

i.20> 

-.661 

.046 

-itoo  ' 

-1.091 

1.247 

—  000 

.024 

.130 

-1.034 

1.217 

-.017 

.030 

.200 

-1.001 

1.201 

.001 

.042 

.230 

-.972 

1.186 

—  007 

.043 

.300 

-.931 

i.173 

-.003 

.118 

.330 

—  V26 

1.144 

-.139 

.317 

.400 

-.870 

1.136 

-i.no 

1.159 

.430 

-.829 

1.116 

.50J 

-  -2. 189 

.300 

•-.805 

1.103 

1.079 

-.719 

.330 

—  735 

1.682 

-.943 

2.433 

.600 

-.671 

1.06} 

-.322 

-1.877 

.630 

-.311 

.972 

-.117 

-.419 

.700 

-.371 

.911 

.001 

-211 

.723 

'..293 

.879 

—  004 

—  lit 

.746' 

-239 

<853 

.060 

-.082 

.773 

-.206' 

.861 

.043 

*.015 

.800 

-.116 

.812 

.654 

-.009 

.850 

—022 

.764 

.023 

—  034 

.900 

.019 

.723 

.013 

-.135 

.930 

.136 

•  697 

—021 

-.150 

TEST  6 At A 

model 

SATA 

MRETRUNNE. 

130 

ALPHA 

.83  DEO. 

NACN 

.735 

BRLTA 

.02  LEO. 

Q  19*1 

77317 

AM9L. 

•  .93  DEC. 

RE  1 

.3386 

mq. 

30.0  NR 

HARM 

3 

mtg 

.0*7 

itum.  * 


OSCILLATING  FLAP 


LOWER SIDE 


CP- 

M- 

CPR£- 

CP1H- 

.313 

.421 

.023 

—  03? 

-288 

.873 

.068 

—  031 

-.451 

.946 

.023 

-.030 

-.511 

.972 

.023 

.003 

—  310 

.980 

.031 

—003 

-375 

1.000 

.023 

-.001 

-.620 

1.020 

.626 

.011 

-.67.1 

1.043 

.031 

.00? 

-.689 

1.651 

.08? 

.060 

-.727 

1.046 

.132 

.10? 

-.719 

1.063 

.336 

-.031 

-.382 

1.001 

<047 

<133 

-.373 

.912 

.004 

.108 

-.201 

.939 

.021 

.104 

—  03? 

.779 

.006 

.Ml 

.078 

.722 

•  070 

.112 

.132 

.699 

.017 

.113 

.201 

.469 

.Oil 

.107 

.228 

>631 

.on 

.114 

.369 

.641 

.026 

.too 

-330 

.413 

.011 

.093 

.2*9 

.596 

—  006 

.034 

.522 

.395 

-.028 

.031 

OVERALL 

Data 

STEADY 

UNSTEADY 

RE 

IM 

NORMAL 

FORCE 

CL 

.330 

.031 

.041 

MOMENT (1/4C 3 

CN 

•  076 

.011 

.046 

FLAP  FORCE 

RC 

.0739 

—  0003 

.0117 

NINOS  MOMENT 

NC 

.0074 

.0001 

.ooat 

TABLE  li.?3 


FUNDAMENTAL  FREQUENCY  TEST  DATA  NLE  7301  WITH  OSCILLATING  FLAP 


E/C 

CP-f 

.010 

.334 

.030 

-.946 

.050 

-1.006 

.100 

-1.083 

.150 

-1.026 

.200 

-.993 

.250 

-.966 

.300 

-.943 

.330 

-.925 

.400 

-.896 

.450 

-.788 

.500 

-.693 

.550 

-.667 

.600 

-.661 

.650 

-.343 

.700 

-.369 

723 

-.299 

760 

-.229 

773 

-.198 

800 

-.132 

850 

-.020 

900 

.070 

930 

.133 

UPFEtSIDE 


H+ 

CFRE+ 

.613 

.134 

1.177 

.465 

1.207 

.190 

1.247 

.122 

1.217 

.099 

1.200 

-.103 

1.187 

-.332 

1.176 

-.560 

1.166 

'.939 

1.132 

-1.049 

1.1  OS 

-.503 

1-.OS7 

7.227 

1.033 

7.396 

1.041 

.002 

.989 

-7.836 

.913 

-6.432 

.883 

-3.431 

.833 

-3.073 

.840 

-4.991 

.812 

-3.286 

.763 

-1.446 

.727 

-1.047 

.6*9 

-1.397 

CPIM+ 

-.688 
-1.072 
-.692 
-.703 
-.509 
-.925 
-1.09* 
-1.161 
-1.320 
-1.833 
-5. 9*8 
-1.821 
3.866 
10.300 
7.013 
.319 
-.381 
-1.432 
-1.792 
-2.022 
-1.301 
-.845 
-.102 


LOWKRSm 


CP- 

M- 

.316 

.621 

-.285 

.877 

-.452 

•  94f 

-.311 

•  97* 

-.530 

.982 

-.573 

1.001 

-.616 

1.021 

-.670 

1.043 

-.680 

1.050 

-.712 

1.C63 

-.  733 

1.074 

-.572 

1.001 

•.365 

.911 

-.3  99 

.840 

.037 

.781 

.070 

.72  7 

.122 

.703 

.196 

•  673 

.222 

.662 

.263 

.644 

.326 

.617 

.364 

.600 

.367 

.3*8 

CPRB- 

CPIM- 

-1.0S0 

1.042 

-1.841 

1.39T 

-.922 

.436 

-1.242 

.503 

-!  .539 

.244 

-1.835 

-.147 

-2.146 

-.784 

-2.010 

-1.423 

— 1 .886 

-3.774 

.422 

-3.230 

4.262 

-6.610 

6.297 

-1.647 

4.839 

.422 

3.637 

.934 

3.378 

•  836 

3.207 

•  973 

2.887 

1.038 

2.809 

1.223 

2.673 

1.413 

2.336 

1.33$ 

1.637 

1  •  ?82 

1.301 

1.343 

.711 

1.049 

TEST  DATA 


MERTRUNN8.  162 
MACS  .  754 


0  1FA1 
RE 
HARM 
1DCRTNR. 


27*37 

2.23E6 

I 

• 


MODRL  DATA 


ALPHA 

OELTA 

AMPl. 

FREQ. 

IFRCQ 


•83  DEC. 
-.01  DEC. 
>90  DEO. 
200.0  HE 
.4*3 


OVERALL  DATA 


normal  force  cl 

MOMENT! 1/4C  >  CM 
FLAP  FORCE  RC 
NIECE  MOMENT  DC 


STRADT 

03* 

.073 

•07*3 

.0073 


UNSTEADY 


RR 

.*11 

.740 

.2*01 

.0443 


IM 

-.102 

-.024 

.1832 

.0340 


NLR  7301  AIRFOIL  UPPER  SURFACE 


t,,i  tff«L  of  cioek  w«Ve  M  th«-Usfct#s4y  aisiHUAtottSi  piteki&g  e*<iU*lso« 


■%A 


I 
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Fig*  i-7  Siosteady  agrcEdynacf c  coefficients  as  flmct i ".Mi  of  Fig.  “4.6  Ui.st.eady  aerodynamic  coefficients  as  functions  of 

frequency  in  transonic  flow  with  a  veil -developed  frequency  for  best  "shock-free"  steady  flow;  flap 

•hock  wave;  flap  oscillation  oscillation 


natural  transition 

Re  =  2.1  *  I0A 


Fig.  4.5  Theoretical  aw  experimental  "shock- 
free'  pressure  distributions  of  the 
MLR  7301  airfoil  (free  transition) 


(*,)-  M) 


M,-  WIND  TUNNEL  MACH  NUMBER 

«,  .  DOWNSTREAM  COORDINATE  ALONG 

TEST  SECTION  CENTRE  LINE,  MEASURED 
FROM  MODEL  M10CH0R0 


Fig.  It.  11  Naeh  number  distribution  in 
MLR  Pilot  Tunnel  tout  section 


<*RMS* 


Fig.  It.  12  (i ciine  level  in  MLR  Pilot 
TUiaiel  test  section 


A-A 


5.2$mmLLJ 

^*47.25  mm 
DETAILS  OF  SLOTS 


Fig.  4.10  Transonic  test  section  of  the 
NLR  Pilot  Tunnel 


AXIS  OF  ROTATION 


Fig.  4.13  Toot  uet-up  and  instrumentation 
of  the  MLR  T301  airfoil  (Goaf.  A) 


AXIS  OF  ROTATION 


PRESSURE  ORIFICES  TUBING  SYSTEM 
(BOTH  UPPER  AND  LOWER  SURFACE? 
No.  1  x/c  *  .01  No.  1 1  x/c  *  .1 

2  .05  12  .! 

3  .10  13  A 

4  .15  14  A 

5  .20  is 

6  .25  16  J 

7  .30  17  .1 

8  .35  18  .1 

9  .40  19  .« 


IN  SITU  TRANSDUCERS 
(UPPER  SURFACE  ONLY) 


x/c  *  .01 

No.  11 

x/c  *  .50 

No.  1 

x/c  <  .04 

No.  11 

x/c  X  .70 

.05 

12 

.55 

2 

.10 

12 

.80 

.10 

13 

.60 

3 

.19 

13 

.88 

.15 

14 

.65 

4 

.28 

.20 

15 

.70 

5 

.34 

.25 

16 

.75 

6 

.40 

.30 

17 

.60 

7 

.46 

.35 

18 

.65 

8 

.52 

.40 

19 

.90 

9 

.58 

.45 

20 

.95 

10 

.64 

Fig.  k.'lk  Location  of  pressure  orifices 

of  the  NLR  7301  airfoil  (Conf.  A) 
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ACTUATOR 
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orifices  PRESSURE  tums 
( UPPER  AMO  LOVER  SURFACE ) 


,  IN  -  SITU  TRANSDUCER  SECTION 
\  (UPPER  SURFACE  ONLY) 


h*  CEIERONETIRS 


Fig.  It.  15  Toot  Bot-up  and  instrumentation  of  the  NLR  7301  airfoil  with  control  surface  (Conf.  B) 


IN  -  SITU 
TRANSDUCER 
ORIFICES 
PRESSURE  TUBES 


•043  ■  03  ft) 


PRESSURE  ORIFICES  TUBIN0  SYSTEM 
(Both  upper  and  lower  surfaoo) 


o,  1  x/o  ••  .01  no.  13  x/c  •  .55 


IK  Sill)  TRANSDUCERS 
(upper  uurfaoo  only) 


no.  1  x/o  •  .03 


Fig.  It.  16  Location  of  preatwr*  orifices  of  the  MLR  7301  airfoil  with  control  (surface  (Conf.  B) 
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DATA  SET  5 


NLR  7301  SUPERCRITICAL  AIRFOIL  OSCILLATORY  PITCHING 


by 


Sanford  S.  Davis,  NASA  Ames 


INTRODUCTION  AND  DISCUSSION 

Test  data  on  th-  NLR  7301  supercritical  airfoil  were  acquired  concurrently  with  the  NaCA  64A010 
data  previously  described  in  Data  Set  2.  The  purpose  of  this  Data  Set  is  to  tabulate  numerical  data  from 
those  tests  that  can  be  associated  with  the  AGARD  CT  Cases  and  to  present  an  overview  of  certain  para¬ 
metric  data  trends.  The  test  arrangement  for  this  airfoil  is  the  same  as  that  described  in  Data  Set  2 
and  is  reproduced  in  Fig.  5-1. 

Users  of  these  data  sould  be  aware  of  same  differences  in  the  methods  of  specifying  the  geometry 
of  the  NLR  supercritical  airfoil  whose  general  properties  are  described  in  Ref.  5.1.  The  differences  be¬ 
tween  the  original  coordinates  which,  as  given  by  Table  4.1  or  Data  Set  4,  locate  the  sharp  trailing  edge 
at  X/C  =  1.015,  and  the  transformed  coordinates  given  by  Table  5  of  Ref.  5.2  are  explained  in  Data  Set  4. 
However,  the  coordinates  used  to  construct  the  model  of  the  present  tests  were  derived  from  the  original 
specification  in  /et  another  manner.  As  for  the  model  of  Data  Set  4,  the  physical  model  of  the  present 
tests  was  obtained  by  truncating  the  trailino  edge  of  the  original  design  at  X/C  -  1.0.  But  unlike  the 
model  of  Data  set  4,  the  chord  war  redefined  as  the  line  connecting  the  nose  of  the  airfoil  with  the 
bisection  point  of  the  truncated  trailing  edge.  In  effect,  the  design  shape  of  the  present  model  is  the 
same  as  that  of  the  NLR  model  of  Para  Set  4  and,  apart  from  the  trail ing-edge  truncation,  is  the  same 
shape, as  that  defined  in* Ref.  5.2  for  the  AGARD  Computation  Tests.  However,  beoause  of  the  method  of 
defining  the  chord  line,  there  is  a  slight  difference  in  the  definitions  of  incidence.  The  sensitivity 
of  the  computed  flow  to  the  minor  variations  listed  above  is  not  expected  to  be  a  major  problem,  but  tho 
analyst  should  be  aware  of  their  existence. 

The  data  base  for  this  airfoil  is  presented  in  Table  5.1  and  consists  of  95  parametric  combinations. 
Tho  data  subset  corresponding  to  a  pitching  axis  at  0.40c  is  listed  in  Table  5.2.  The  AGARD  CT  Cases 
advocated  in  Ref.  5.2  do  not  precisely  match  the  current  data  set.  In  Table  5.3  tests  from  the  current 
series  are  correlated  with  the  AGARD  CT  Cases  by  matohing  similar  mean  flow  conditions.  The  three  flow 
regimes  selected  arei  (1)  a  aubcritical  Mach  number,  (2)  an  off-design  flow  condition  with  a  strong  shock 
wave,  and  (3)  the  supercritical  design  point. 

In  these  teats  lower  surface  unsteady  pressure  data  were  sacrificed  for  the  sake  of  increased  upper 
aurface  resolution.  For  this  reason  lift  and  moment  data  are  not  available.  In  Tables  5.4  to  5.23 
first  harmonic  upper  surface  and  steady  pressure  date  for  the  20  runs  identified  in  Table  5.3  are  repro¬ 
duced  from  Ref.  5.3.  Complete  instantaneous  pressure  distributions  are  presented  in  Tables  5.24  and  5.25 
for  the  high  Reynolds  number  data  associated  with  AGARD  CT  Cases  6  end  8. 

In  Figs.  5.2  to  5.10  the  steady  pressure  distributions  are  shown,  and  certain  parametric  trends 
are  presented  concerning  the  upper  surface  fundamental  frequency  pressure  distribution.  The  picture  that 
emerges  is  one  of  s  complex  dynamic  flow  pattsrn  that  is  sensitive  to  many  parameters.  Mors  coordinated 
research  needs  to  be  done  before  definitive  data  suitable  for  aeroelastic  applications  become  available. 
Other  supercritical  airfoil  data  may  be  found  in  Data  Set  4  and  the  references  cited  herein. 

The  effect  of  varying  the  frequency  parameter  alone  is  shown  in  Pigs.  5.2  to  5.4.  Figure  5.2 
dapiota  a  subsonic  flow  condition  where  the  classical  thin  airfoil  theory  should  remain  valid.  The 
general  trend  confirms  the  flat  plats  theory  —  decreasing  reel  portion  and  increasing  imaginary  portion 
as  freai'^ncy  Increases  --  except  for  the  curious  dip  just  upstream  of  the  0.2c  station.  This  phenomenon 
is  coiuii.i'nt  with  the  full  time-histories  and  comparison  with  other  data  (see  Fig.  5.8)  will  show  that 
it  is  i  illy  s  viscous  effect.  (The  dip  in  the  mean  pressure  distribution  at  approximately  0.4c  was 
trausd  a  surface  wave  in  the  airfoil  contour.)  In  Fig.  S.3  the  Msch  number  and  mean  angle  of  attack 
re  norsassd  enough  to  induce  a  strong  shock  wavs  with  possible  separation  at  the  trailing  edge.  The 
pressure  distributions  era  dramatically  different  at  the  two  frequencies  shown.  An  especially  important 
point,  one  (diet  cannot  be  etsesssd  too  strongly,  la  that  the  variation  of  unsteady  lift  and  moment  (not 
shown)  may  show  erratic  trends  with  frequency  because  of  the  balancing  of  positive  end  negative  lobes  In 
the  pressure  distributions.  Hors  examples  of  this  phenomenon  ere  described  in  Rsfs.  £.4,  S.5  end  5.6. 
Figure  5.4  complstts  this  series  by  showing  the  variation  of  unsteady  pressure  distributions  with  frequency 
at  the  supercritical  design  point.  Unlike  conventional  airfoils,  a  broad,  high  level  of  unsteady  loading 
persists  over  the  forward  portion  of  the  airfoil  et  low  frequencies.  The  net  effect  is  larger  unsteady 
loads  on  supercritical  alrfolle  than  that  usually  found  on  conventional  airfoils. 

The  next  series  of  three  figures  shows  data  trends  with  varying  oscillation  amplitude.  Figure  5.S 
indicates  that  the  normalised  oscillatory  pressure  distribution  remains  relatively  invariant  in  subsonic 
flow.  This  is  a  good  Indication  >f  a  linear  response  over  the  range  indicated.  Figure  S.6  sltowe  only 
minor  departures  from  linearity  up  to  oc  »  l\  even  with  a  strong  shock  wave  present.  Figure  5.7  shows 
progressive  changes  with  amplitude  aQ  at  the  tupercritlcal  dealgn  point  that  caat  doubt  on  ths  linearity 
assumption.  Whether  or  not  the  response  curves  are  “sufficiently  linear*  must  await  asxoel  as tic  sensi¬ 
tivity  calculations. 


The  next  series  of  figures  shows  the  scale  effect  on  the  steady  and  oscillatory  pressures.  In  this 
connection!  it  should  be  noted  that  the  model  did  not  have  a  boundary  layer  transition  trip.  The  trends 
on  the  unsteady  pressures  are  disconcerting  because  the  Reynolds  number  seems  to  be  an  important  parameter, 
especially  at  and  near  the  supercritical  design  point.  In  Fig.  5.8  the  major  effect  of  increasing  Reynolds 
number  is  to  induce  the  leading  edge  dip  in  the  unsteady  pressure  distribution.  In  Fig.  5.9  the  first 
harmonic  pressures  aft  of  the  shock  wave  seem  to  be  most  affected.  This  may  cause  major  changes  in  the 
unsteady  moment  as  well  as  the  lift.  In  Fig.  5.10  the  unsteady  loading  at  the  design  point  seems  to  be 
significantly  affected  by  changing  the  Reynolds  number.  At  this  stage  it  is  impossible  to  trace  the  root 
causes  of  the  relatively  severe  scale  effects  on  a  supercritical  airfoil  (see  Ref.  5.3  for  other  data). 

A  computational  model  that  includes  all  of  the  significant  physical  effects  is  surely  necessary. 

The  higher  harmonic  content  of  the  unsteady  pressure  distributions  is  also  significantly  affected 
by  flow  condition.  Figure  5.11  shows  the  complete  space-time  pressure  distributions  at  the  supercritical 
design  point  (CT  Cases  6  and  8)  when  Re  =  11.5  x  106.  The  harmonic  distortion  is  significantly  affected 
by  the  frequency  parameter,  but  is  concentrated  near  the  end  of  the  region  where  the  steady  flow  is  super¬ 
sonic.  General  trends  should  not  bo  deduced  from  this  special  choice  of  parameters,  just  as  harmonic 
distortion  in  the  overall  loads  cannot  be  inferred  from  the  harmonic  content  of  the  pressure  distributions 
themselves  (Ref.  5.4). 


1  AIRFOIL 

1.1  Designation 

1.2  Type  of  airfoil 

1.3  Geometry 

1.4  Design  condition  ‘ 

1.5  Additional  remarks 

1.6  References  on  airfoil 

2  MODEL  GEOMETRY 

2.1  Chord  length 

2.2  Span 

2.3  Actual  model  coordinates  and 
accuracy  of  measurement 

2.4  Plapt  hinge  and  gap  details 

2.5  Additional  remarks 

2.8  References  on  nodal 

3  WIND  TUNNEL 

3.1  Designation 

3.2  Typo  of  tunnel 

3.3  Test  section  dimensions 

3.4  Type  of  roof  end  floor 

3.8  type  of  aids  walls 

3.6  Ventilation  geometry 

3.?  Thickness  of  aids  wall  boundary  layer 

3.8  Thickness  of  boundary  layers  at  roof 
and  floor 

3.9  Method  or  measuring  Mach  number 

3.10  Uniformity  of  Mach  number  over 
test  section 

3.11  Sources  and  levels  of  noise  or 
turbulence  in  empty  tunnel 

3.12  Tunnel  resonance* 

3.13  Additional  remarks 

3.14  References  cm  tunnel 

4  MODEL  MOTION 

4.1  Mode  of  applied  motion 

4.2  Rang*  of  amplitude 

4.3  Range  of  frequency 

4.4  Method  of  application 


NLR 

Supercritical  -  t/c  =  16.5% 

Table  2  of  Ref.  5.3 

M  =  0.721,  Ojj  =  -0.19“  (theoretical, -quoted  in 
Ref.  5.2) 

See  Introduction  of  this  Data  Set. 


0.50  m  (19.685  in.) 

1.35  m  (53.2  in.) 

Ref.  5.3 

None 

Model  mounted  between  splitter  plates  -  see  Pig.  5.1 
Rof .  5,3 

NASA  Ames  11-  X  11 -Foot  Transonic  Wind  Tunnel 
Closed  return,  variable  density 

3.35  X  3.35  X  6.7  Q (11  X  11  X  23  ft,) 

Uafflud  slat 

Same  as  3.4 

1.70  cm  (0.7  In.)  Slots,  34.4  cm  (9.63  in.)  slats. 
Open  area  ratio  -  St  between  splitters. 

Very  thin  due  to  splitters 
Approx.  ).<>  css  (3  in.) 

Static  taps  and  splitters,  see  Ref.  5.6. 

f. 0.002 

Not  investigated 
Nuns  noted 

Rwf.  5.3 


Pitching  about  nominal  0.40c,  also  plunging 
*0-2  deg*  *1  cm 
0-60  H* 

Pour  graphite  epoxy  push-pull  rode  with  differential 
motion  of  forward  and  eft  Pkir.'  -seo  fig.  5.1. 


MODEL  MOTION  (Continued) 


4.5 

Purity  of  applied  motion 

Pure  sinusoids 

4.6 

Natural  frequencies  and  normal 
modes  of  irodel 

Lowest  mode:  torsion  at  60  Hz 

4.7 

Static  or  dynamic  elastic  distortion 
during  tests 

Not  measured 

4.8 

Additional  remarks 

TEST  CONDITIONS 

5.1 

Tunnel  height/model  chord  ratio 

3.35  m/0.50  m  =  6.7 

5.2 

Tunnel  width/model  chord  ratio 

1.35  m/0.50  m  =  2.7  (between  splitter  plates) 

5.3 

Range  of  Mach  number 

0.40  -  0.85 

5.4 

Range  of  tunnel  total  pressure 

50  kN/M2  -  225  kN/m2  (0.5-2.25  ATM) 

5.5 

Range  of  tunnel  total  temperature 

290  K  -  320  K 

5.6 

Range  of  model  steady,  or  mean, 
incidence 

0  -  2.5  deg. 

5.7 

Definition  of  model  incidence 

Chord  line  relative  to  wind  tunnel. 

5.8 

Position  of  transition,  if  free 

Transition  was  observed  using  a  sublimating  material 
at  two  flow  conditions.  At  M  «  0.453,  o^,  »  0.57°, 

Re  ■  4.5  x  106  a  definite  transition  point  was  not 
observed.  At  M  *>  0,708,  an  “  0.58°,  Re  *  6.2  *  106, 
transition  occurred  at  x/c  ~  0.10. 

5.9 

Position  and  type  of  trip,  if 
transition  fixed 

5.10 

For  mixed  flow,  position  of  sonic 
boundary  in  relation  to  roof  and 
floor 

Not  measured 

5.11 

Plow  instabilities  during  tests 

— 

5.12 

Additional  remarks 

— 

5.13 

References  describing  tests 

— 

MEASUREMENTS  AND  OBSERVATIONS 


6.1  Steady  pressures  (or  the  mean  conditions 

6.2  steady  pressures  for  small  changes  Iron  the  Man  conditions 

6.3  Quasi-steady  pressures 

6.4  Unsteady  pressures 

6.5  Steady  forces  (or  the  swan  conditions 

6.6  Steady  forces  for  small  changes  fro*  the  mean  conditions 

6.7  Quasi-steady  forces 
6.0  Unsteady  forces 

6.9  Measurement  of  actusi  notion  st  points  on  model 

6.10  Observation  or  measurement  of  boundary  layer  properties 

6.11  Visualisation  of  surfscs  <iow 

6.12  Visualisation  of  shockwave  movements 

6.13  Additional  remarks 
INSTRUMENTATION 

7.1  Stsady  pressures 

7.1.1  Position  of  orifices  spanwlse 


measured  directly 
integrated  pressures 
Matured  directly 
integrated  pressures 
measured  directly 
integrated  pressures 
msssursd  dirsctly 
integrated  pressure 


and  chordvisc 
7.1.2  type  of  measuring  system 
7.2  Unsteady  pressures 

7.2.1  Position  of  orifices  spsnwise 
end  chord  wise 

7.2.2  Diameter  of  orifices 


MH-span  29  upper,  12  lower.  (May  very  with  date, 
see  Table  5.4  for  locations.) 

Pneumatic 


Mid-span,  29  upper,  none  on  lower.  (May  vary  with 
data,  eee  Table  5.4  for  locations.) 

0.102  cm  (0.040  in.) 


INSTRUMENTATION  (Continued) 


7.2.3  Type  of  measuring  system 

Strain-gauge-type  miniature  pressure  transducers 
installed  close  to  orifice  with  minimum  cavities. 

7.2.4  Type  of  transducers 

Kulite  model  XCQL-7A-093. 

7.2.5  Principle  and  accuracy  of 
calibration 

On-line  calibrations.  Up  to  2»  change  in  static 
sensitivity  before  and  after  run  allowed. 

7.3 

Model  motion 

7.3.1  Method  of  measurement 

Motion  of  four  push-pull  rods  with  LVDT 
(reactive-type)  transducers.  Phase  synchronism 
checked  with  wing-mounted  accelerometers. 

7.3.2  Accuracy 

~  1% 

7.4 

Processing  of  unsteady  measurements 

7.4.1  Method  of  acquiring  and  pro¬ 
cessing  measurements 

Real-time  digitization  with  on-line  calibration  and 
diagnostics,  signal  averaging  over  approx.  100  cycles 
to  suppress  random  noise  (if  present) .  Variable  sam¬ 
pling  time  adjusted  to  yield  60  data  points  per  cycle. 

7.4.2  Type  of  analysis 

On-line  processing  for  frequency  content  of  pressure 
distributions  and  comparisons  with  linear  theory  and 
other  data. 

7.4.3  Unsteady  pressure  quantities 
obtained  and  accuracies 
achieved 

Signal  averaged  (essentially  instantaneous)  pressured 
distributions.  Harmonic  analysis  of  pressure  dis¬ 
tributions. 

7.4.4  Method  of  integration  to 
obtain  forces 

Numerical  quadratures  (see  Appendix  A  of  Ref.  5.3). 

7.5 

Additional  remarks 

7.6 

References  on  techniques 

Ref.  5.6 

DATA  PRESENTATION 

8.1 

Tost  cases  for  which  data  could  be 
made  available 

Table  S.l 

8.2 

Test  cases  for  which  data  are 
included  in  this  document 

Table  5.3 

8.3 

Steady  pressures 

Tables  5.4  to  5.23 

8.4 

Quasi-steady  or  stssdy  perturbation 
pressures 

Not  available 

8.5 

Unsteady  pressures 

Tebles  5.4  to  5.25 

8.6 

Steady  forces  or  moments 

Not  available 

8.7 

Quasi-steady  or  steady  perturbation 
forces 

Not  available 

8.8 

Unsteady  forces  and  moments 

Not  available 

8.9 

Other  forms  in  which  data  could  be 
made  available  if  required 

Magnetic  tape 

8.10 

Reference*  giving  other  presentations 
of  data 

Refs.  5.3  to  5.5 

GOMEftfTS  ON  DATA 

9.1 

Accuracy 

9.1.1  Mach  number 

*0.002 

9.1.2  Steady  incidence 

*0.05  deg 

9.1.3  Reduced  frequency 

*0. 005 

9.1.4  Steady  pressure  coefficients 

It 

9.1.5  Steady  pressure  derivatives 

N/A 

9.1.6  Unsteady  pressure  coefficients 

2t 

9.2 

Sensitivity  to  small  changes  of 
parameter 

No  evidence  of  undue  sensitivity 

9.3 

Spanwlse  variations 

Probably  small 

9.0 

ttonllnearitlee 

Depends  on  parametric  conditions 

9.5 

influence  of  tunnel  total  pressure 

Minimal  on  model  distortion,  probably  ell  Reynolds 
number  effect. 

9.6 

Well  Interference  corrections 

(to  corrections  made 

9.7 

Other  relevant  tests  on  MW  etc tdtl 

None 

9  COMMENTS  ON  DATA  (Continued) 

9.8  Relevant  tests  on  other  models  of  See  Data  Set  4  of  this  Compendium 

nominally  the  same  aerofoil. 

9.9  Any  remarks  relevant  to  comparison 
between  experiment  and  theory 

9.10  Additional  remarks 

9.11  References  on  discussion  of  data  Refs.  5.4  and  5.5 

10  PERSONAL  CONTACT  FOR  FURTHER  INFORMATION 

Sanford  Davis,  Aerodynamics  Division,  NASA  Ames  Research  Center,  Moffett  Field,  CA  94035 
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12  NOTATION  AND  EXPLANATION  OP  TABLES* 

GENERAL  NOTATION 
C,c  chord  of  airfoil,  m 

DI  dynamic  index,  data  identification  number 

f.PREQ  frequency.  Its 

k,K  reduced  (nondimensional)  frequency, 

H  free  stream  Mach  number 

Re, RE  Reynolds  number  (based  on  chord) 

t  time,  e 

V  free-etream  velocity,  m/e 

X,x  distance  along  elrfoil,  m 

Xg/u  pitch  axis  position  relative  to  leading  edge 

ait)  instantaneous  incidence,  deg  (a  *  a  cos  ut) 

WO 

On  siean  incidence,  deg 

ag  oscillatory  pitch  amplitude,  deg 

a  radian  frequency,  rad/e  (»2tf) 

TABLES  5.4  to  5,23 
ALPHA  mean  incidence,  deg  toml 

PWt  total  pressure,  N/m4  (PtJ 

PISP  static  pressure,  u/a?  (p.) 

CINP  dynamic  pressure,  N/m*  (q) 

CPU(CPL)  steady  upp-ir  (lower)  surface  pressure  coefficient  (c^l 

CPU, A  normalised  coeplex  amplitude  of  upper  surface  fundamental  frequency  pressure  coefficient, 

per  radian  (e^/a^aio’/aj 

TABLES  5.24  and  5.25 
PHASE  phase  angle  re  tlt)^  (ut] 

ALPHA  oscillatory  incidence  taQ  Con  (ut)] 

CP  Instantaneous  prsssure  coefficient  (c^(t>) 

'  Square -bracketed  quantities  indicate  standard  AGARD  notation 


5.2  S.  R.  Bland 

5.3  S.  Davis  and 

G.  Malcolm 

5.4  S.  Davis  and 
3.  Malcolm 

5.5  S.  Davis 

5.6  S.  Davis 


TABLE  5.1.  DATA  BASE  FOR  NLR  7301  AIRFOIL 


DI 

M 

°m7 

deg 

RfiXlO-6 

Motion 

f, 

Hz 

It 

115 

0.453 

0.57 

4.47 

Pitching  0.52  deg  about  xa/c 

=>  0.394 

2.7 

0.028 

116 

.453 

.57 

4.47 

Pitching  .50  deg  about  x^/c 

=  .404 

5.4 

.055 

117 

.453 

.57 

4.47 

Pitching  .48  deg  about  xa/c 

=  .400 

10.7 

.110 

118 

.453 

.57 

4.47 

Pitching  .49  deg  about  xa/c 

=  .391 

21.5 

.221 

119 

.453 

.57 

4.47 

Pitching  .49  deg  about  Xq/c 

=  .394 

32.2 

.331 

120 

.453 

.57 

4.47 

Pitching  1.04  dag  about  x^/c 

=  .384 

5.4 

.055 

121 

.453 

.57 

4.47 

Pitching  1.  deg  about  Xq/c 

=  .389 

21.5 

.221 

122 

.453 

.57 

4.47 

Pitching  2.  deg  about  Xq/c 

=  .393 

5.4 

.055 

123 

.453 

.57 

4.47 

Pitching  2.00  deg  about  Xq/c 

=  .403 

21.5 

.221 

124 

.708 

.58 

6.15 

Pitching  .52  deg  about  x^/c 

=  .394 

3.7 

.025 

125 

.708 

.58 

6.15 

Pitching  .50  deg  about  Xa/c 

=  .401 

7.5 

.050 

_26 

.708 

.58 

6.15 

Pitching  .49  deg  about  x<j/c 

=  .402 

29.9 

.200 

127 

.708 

.58 

6.15 

Pitching  1.01  deg  about  Xq/c 

=  .397 

7.5 

.050 

128 

.708 

.58 

6.15 

Pitching  1.00  deg  about  xa/c 

=  .398 

29.9 

.200 

129 

.708 

.58 

6.15 

Pitching  2.02  deg  about  Xa/c 

=  .401 

7.5 

.050 

130 

.708 

.58 

6.15 

Pitching  2.00  deg  about  xa/c 

=  .399 

29.9 

.200 

131 

.752 

.37 

6.21 

Pitching  .51  deg  about  Xu/c 

=  .401 

4.0 

.025 

132 

.752 

.37 

6.21 

Pitching  .50  dog  about  xa/c 

=  .401 

8.0 

.050 

133 

.752 

.37 

6.21 

Pitching  0.50  deg  about  x^/c 

■  .402 

16.0 

0.100 

134 

.752 

.37 

6.21 

Pitching  .49  deg  about  Xq/c 

=  .403 

32.0 

.200 

135 

.752 

.37 

6.21 

Pitching  .50  dog  about  Xq/c 

=  .403 

48.0 

.300 

136 

.752 

.37 

6.21 

Pitching  1.01  deg  about  xa/c 

»  .398 

8.0 

.050 

137 

.752 

.37 

6.21 

Pitching  1.00  deg  about  x<j/c 

-  .397 

32. Q 

.200 

138 

.752 

.37 

6.21 

Pitching  2.02  deg  about  xa/c 

=■  .400 

8.0 

.050 

13? 

.752 

.37 

6.21 

Pitching  2.01  deg  about  xa/c 

»  .399 

32.0 

.200 

140 

.808 

.36 

6.26 

Pitching  .50  deg  about  xa/c 

-  .402 

8.5 

.050 

141 

.808 

.36 

6.26. 

Pitching  .50  deg  about  xa/c 

*  .407 

34.0 

.199 

142 

.807 

.36 

11.78 

Pitching  .49  deg  about  x„/c 

•  .404 

8.7 

.050 

143 

.80' 

.36 

11.78 

Pitching  .49  deg  about  xa/c 

-  ,398 

35.0 

.200 

144 

.751 

.37 

11.48 

Pitching  . 50  dag  about  xa/c 

-  .403 

8.2 

.050 

145 

.751 

.37 

11.48 

Pitchinq  .51  deg  about  x^/c 

-  .399 

4.1 

.025 

146 

-751 

.37 

11.48 

Pitching  .49  deg  about  x,j/e 

«  ,400 

16.5 

.100 

147 

.751 

.37 

11.48 

Pitching  .49  deg  about  x^/c 

«  .401 

24.7 

.150 

148 

.751 

.37 

11.48 

Pitching  .50  deg  about  xn/c 

•*  .403 

33.0 

.201 

149 

.751 

.37 

11.48 

Pitching  .50  deg  about  x,,/e 

,400 

49.5 

.301 

150 

.751 

.37 

11.48 

Pitching  1.00  dag  about  x^/c 

•  .398 

8.2 

.050 

151 

.751 

.17 

11.48 

Pitching  1.00  deg  about  xa/c 

•  .400 

32.8 

•  200 

152 

.751 

.37 

11.48 

Pitching  2.02  deg  about  x9/c 

»  .  399 

8,3 

.050 

153 

.751 

-37 

11, 48 

Pitching  2,00  deg  about  x„/e 

n  .402 

32.8 

.200 

154 

.751 

.37 

11.48 

Plunging  1.00  cn  (0.395  in.) 

8.2 

.050 

155 

.751 

.37 

11.48 

Plunging  .98  e»  (0.386  in.) 

33.8 

.200 

156 

.708 

.59 

11.22 

Pitching  .51  deg  about  xt,/e 

«  .400 

3,9 

.035 

157 

.706 

.59 

11.22 

Pitching  .50  deg  about  x,/s> 

•-*  .  402 

7.7 

.050 

158 

.706 

.59 

11.22 

Pitching  .50  deg  about,  x^/e 

«  .399 

IS. 4 

.099 

154 

.706 

.5? 

11,22 

Pitching  .49  deg  about  x^/c 

»  .401 

30.8 

.199 

160 

.706 

.59 

11.32 

pitching  .49  deg  about 

*  ,404 

46.2 

.290 

161 

.706 

.59 

21.22 

Pitching  1.01  deg  about  xa/c 

•  .398 

7.7 

.050 

162 

.706 

.59 

11.32 

pitching  1.00  deg  about  x^/c 

*  .398 

30,8 

.199 

163 

.706 

.59 

11.32 

Pitching  2.01  deg  about  x,,/o 

*  .401 

7.7 

.050 

164 

.706 

•  SS. 

11.32 

Pitching  2.00  deg  about  x^/e 

»  .402 

S0,8 

.199 

m 

.706 

.59 

11.22 

Plunging  1.06  e»  to, 393  in. J 

7.7 

,050 

166 

.706 

.59 

11.22 

Plunging  1,00  c*  (0.392  In.) 

30.0 

0. 199 

167 

.SOS 

.58 

9.34 

-  ,396 

2.0 

.025 

160 

.SOS 

.58 

9.34 

Pitching  .51  deg  al-xjut 

«  .401 

5.5 

.049 

169 

.  ..SOT.- 

.58 

9.34 

Pitching  .50  deg  about- Xg/e 

»  .403 

11.0 

.099 

170 

.505 

.58 

9.1* 

Pitching  .50  deg  about  x^/c 

«-  .404 

22.0 

.190 

171 

.SOS 

.58 

9.34 

Pitching  .60  deg  about  x^/e 

“  .404 

13.0 

.2  97 

172 

.SOS 

.58 

9,34 

Pitching  1.02  deg  about  x^/e 

a  .399 

5.6 

.049 

17J 

.SOS 

.58 

9.34 

Pitching  1.01  deg  about  x,,/c. 

“  .199 

22.0 

.isa 

374 

.505 

.58 

9.34 

Pitching  2.04  deg  about  x.t/c 

«  .400 

5.5 

.049 

175 

.  .SOS 

.58 

9.34 

Pitching  2.01  deg  about  x./c 

«  .402 

22.0 

.190 

176 

.SOS 

.58 

9.34 

Plunging  1.01  cm  (0,396  in.) 

S.5 

.049 

1.77 

.SOS 

.50 

9.34 

Plunging  .99  CM  (0,3tw  In.) 

22,0 

.190 

178 

.712 

.58 

3.09 

Pitching  .SO  deg  about  x^/c 

-  .403 

7.4 

.049 

179 

.712 

.58 

3.09 

Pitching  .49  deg  about  x,/c 

*■  .401 

29.7 

.197 

180 

.712 

.58 

J.09 

Pitching  2.02  deg  about  x^/e 

«  .402 

.‘.4 

.049 

181 

.712 

.58 

3.09 

Pitching  2.00  deg  about  x,/e 

-  ,402 

29.7 

.197 

102 

.712 

.58 

3.09 

Plunging  1.00  cm  (0.394  in.) 

7.1 

.049 

183 

.712 

.58 

3.09 

Plunging  .98  cm  (O.jge  in.) 

29.7 

.197 

184 

.508 

.58 

2.54 

Pitching  .SO  deg  about  x^/c 

-  .402 

5.4 

.050 

185 

.508 

.58 

2.54 

Pitching  .50  deg  about  xa/c 

-  .405 

21.4 

.197 

106 

.508 

.58 

2.54 

Pitching  2.03  deg  about  *4/e 

«•  .400 

5.4 

.OS0 

187 

.508 

.58 

2.54 

Pitching  2.00  deg  about  x-Zc 

-  .401 

21.4 

,197 

188 

.508 

.58 

2.54 

Plunging  1.01  c«  (0.396  in.) 

5,4 

.OSO 

189 

.508 

.58 

2.54 

Plunging  .99  cm  (0.389  in.) 

21.4 

.197 

190 

.752 

.17 

3.35 

Pitching  .50  deg  about  *a/c 

-  .403 

7.0 

,050 

191 

.752 

.37 

3.25 

Pitching  .50  deg  about  *a/c 

»  .401 

11.4 

.200 
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TABLE  5.1.  CONCLUDED 


DI 

H 

V 

deg 

Rexio*6 

Motion 

*•  N 

^  a: 

k 

192 

0.752 

0.37 

3.25 

Pitching  2.02  deg  about  Xq/c  = 

0.401 

7.8 

0.050 

193 

.752 

.37 

3.25 

Pitching  2.00  deg  about  xQ/c  = 

.401 

31.4 

.200 

194 

.752 

.37 

3.25 

Plunging  1.00  cm  (0.394  in.) 

7.8 

.050 

195 

.812 

.35 

3.29 

Pitching  .50  deg  about  xa/c  = 

.403 

8.4 

.050 

196 

.812 

.35 

3.29 

Pitching  .50  deg  about  x^/c  = 

.404 

33.4 

.198 

197 

.700 

2.53 

11.80 

Pitching  .49  deg  about  x„/c  = 

.406 

7.5 

.050 

190 

.700 

2.53 

11.80 

Pitching  .49  deg  about  xa/c  » 

.405 

30.2 

.201 

199 

.700 

2.53 

11.80 

Pitching  1.01  deg  about  xa/c  = 

0.398 

7.5 

0.050 

200 

.700 

2.53 

11.80 

Pitching  1.00  deg  about  Xg/c  => 

.399 

30.2 

.201 

201 

.700 

2.53 

11.80 

Pitching  1.31  deg  about  xa/c  » 

.403 

7.5 

.050 

202 

.700 

2.54 

11.69 

Plunging  1.00  cm  (0.395  in.) 

7.5 

.050 

203 

.700 

2.54 

11.69 

Plunging  .86  cm  (0.339  in.) 

30.2 

.201 

204 

.710 

2.53 

3.15 

Pitching  .50  deg  about  xa/c  » 

.403 

7.4 

.050 

205 

.710 

2.53 

3.15 

Pitching  .50  deg  about  Xq/c  ■ 

.403 

29.5 

.199 

206 

.710 

2.53 

3.15 

Pitching  1.01  deg  about  xa/c  = 

.400 

7.4 

.050 

207 

.710 

2.53 

3.15 

Pitching  1.00  deg  about  xa/c  » 

.399 

29.5 

.199 

208 

.710 

2.53 

3.15 

Plunging  1.01  cm  (0.398  in.) 

7.4 

.050 

209 

.710 

2.53 

3.15 

Plunging  .87  cm  (0.341  in.) 

29.5 

.199 

TABLE  5.2.  DATA  BASE  FOR  NLR  7301  AIRFOIL,  PITCHING  OSCILLATION  ABOUT 
0.40c,  ARRANGED  IN  FREQUENCY  SWEEPS 
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TABLE  5.3.  NASA  AMES  TEST  DATA  ASSOCIATED  WITH  AGARD  CT  CASES 


Plow 


CT  case 


Data  set  5 


No.  M 


a 

m 


a 

o 


DI 

no 


a 

m 


a 

o 


k 


Rexicf6 


Data 

table  no. 


Subsonic 


1  0.500  0.40  0.S  0.098 


184  0.508 

0.505 


0.58  0.50  0.050 

n  CD  o  Cl  a 


2.53 

9.33 


5.4 

5.5 


0.500  0.40  0.5  0.263 


185 

170 


0.508 
0.  505 


0.58 

0.58 


0.50 

0.50 


0.197 

0.198 


2.53 

9.33 


5.6 

5.7 


3  0.700 


2.00  0.5  0.072 


204  0.710  2.53  0.50  0.050 
197  0.700  2.53  0.49  0.050 


3.14 

12.0 


5.8 

5.9 


Transonic  with  4  0  70Q 

shock 


2.00 


1.0  0.072 


206  0.710 
199  0.700 


2.53 

2.53 


1.01  0.050 

1.01  0.050 


3.14 

12.0 


5.10 

5.11 


5 

0.700 

2.00 

0.5 

0.192 

205 

198 

0.710 

0.700 

2.53 

2.53 

0.58 

0.49 

0.199 

0.201 

3.14 

12.0 

5.12 

5.13 

190 

0.752 

0.37 

0.50 

0.050 

3.30 

5.14 

6 

0.721 

-0.13 

0.5 

0.068 

132 

0.752 

0.37 

0.50 

0.050 

6.20 

5.15 

144 

0.751 

0,37 

0.50 

0.050 

11.4 

5.16  &  5.24 

Supercritical 

7 

0.721 

-0.19 

1.0 

0.068 

136 

150 

0.752 

0.751 

0.37 

0.37 

1.01 

1.00 

0.050 

0.050 

6.20 

11.4 

5.17 

5.18 

design 

191 

0.752 

0.37 

0.50 

0.200 

3.30 

5.19 

8* 

0.721 

-0.19 

0.5 

0.181 

134 

0.752 

0.37 

0.49 

0.290 

6.20 

5.20 

148 

0.751 

0.37 

o.so 

0.201 

11.4 

5.21  &  5.25 

9 

0.721 

-0.19 

O.S 

0,451 

135 

149 

0,752 

0.751 

0.37 

0.37 

0.50 

O.SO 

0.300 

0.301 

6.20 

11.4 

5.22 

5.23 

i 

I 


i 


i 

I 

s 

i 


•  denotes  priority  case. 


TABU.'  5.4.  ME*.  AND  VUNDAKENTAt  FREQUENCY  PRESSURE  FOR  ACARD  CT  CASE  NO.  li  DYNAMIC  INDEX  164 

4U&  KDtJ.  <4  »»l  WNACA.IICX  CXM>  WO  MUM 
SUCWHM  SlKUUC  WIXCM M  K*  *4? 

0M«SUC  MXl  MS  SUtit  UCCt  H 


s  » 

4IW  6 
«  1UU 

stos 

on* 

An* 

MU 

NN 

AMIS 

* 

0» 

•  A 

MW  0*<* 

IMSW  MSA 

IMAM  MSA 

m«s>  a*tA 

« 

mi 

M  At* 

■«AC 

lw« 

« 

«. 

s 

i 

i 

I 

art 

•  I  tM 

*it  mt 

0  **» 

it  r»i 

m  i* 

SO 

*  iti 

ON 

>  pta 

Ml  >11  4* 

4  MS 

is  ve 

IN  SS 

•B 

•  MS 

Ott 

*  (M 

Mi  ‘4  •** 

Mi 

1  JW 

•SI  M 

SM 

•  sa 

l» 

s  >0* 

nr  .*>w 

•  MS 

•  as 

•  Si  SI 

as 

*  id 

l*S 

•  St* 

<«}  •*  t«> 

i  Oil 

i  c>4 

•  SI  u 

.Ml 

• 

■u 

•  so 

•li  •« mi 

m 

•  S« 

Of  II 

«U 

•  sss 

tM 

•  Slf 

MS  •»  IS* 

u» 

0  }}> 

IS4  SS 

ta 

•  as 

MS 

s  m 

SM  *A*iS 

ttl 

4  M3 

m  m 

as 

*  U* 

.to 

* 

N»  ♦  rfM 

•  04** 

IO  ** 

PW 

•M 

»l 

‘  Ml 

M 

W 

i  m 

•  *»  SI 

Id 

M 

•  SM 

m 

Saa 

4«li 

*#•  » 

•M 

a* 

M 

*  M0 

MS  >J  t  t 

«< 

1  SM 

mi  « 

M 

•  *w 

AN  .JSH 

At 

IB 

in  #* 

ASS 

«*  »iS 

AM  •}  X* 

as 

4  US 

IN  03 

m 

*  M0 

•  M  -IAIA 

1  Ail 

IN  N 

in 

-  *t» 

ass  .jus 

<«* 

4  JM 

«n  » 

m 

■  w 

MS  *4  8*s 

MW 

4  SI) 

Its  *> 

W* 

•MS 

ss»  •»  s« 

MS 

•  SSI 

in  a 

ms 

.  to 

M  -i  «I 

>01 

1  Ml 

IN  SO 

M 

•  MS 

sis  -i  at 

mi 

1  SSI 

tn  n 

MS 

•  MS 

Ml  <» 

otf 

1  tK 

ttt  M 

•M 

*  Ml 

s*s  •  MS 

Ott 

MS 

IN  M 

M 

*  mm 

MS  ‘MS 

1  0*1 

M» 

•III  *» 

K2 

*  mi 

sss  •  as 

*  0* 

>*4f  1) 

MS 

•  ass 

Ml  •  CSS 

*  0M 

•IN  SI 

m 

-  to 

MS  •  IB 

•  M0 

«M 

•INIS 

Ml 

«0»t 

M 

«ti 

5-9 


# 


TABLE  5.5.  MEAN  AND  FUNDAMENTAL  FREQUENCY  PRESSURE  FOR  AGARD  CT  CASE  NO.  1;  DYNAMIC  INDEX  168 
WING  MODEL-  NLR  7301  SUPERCRITICAL.  CHORD*  .500  METERS 

Vttt  MOTION-  PITCHING  .51  DEC  ABOUT  X/C»  401 


DYNAMIC  UC£X  168  STATIC  1K3EX  78 

M  .505  PTOT  203067 

ALPHA  58  QINF  30419 

RE  9.33E06  Plff  170663 

X 

FREQ 

049 

5  5 

STEADY  DATA 

unsteady  data 

STEADY 

DATA 

.... 

CPU . 

.... 

-•-•CPU- 

.... 

x/c 

CPU 

x/c 

REAL 

1MAG 

MAG 

PHASE 

X/C 

CPL 

.023 

•1  201 

.016 

-IB  059 

3  167 

ie  335 

170  07 

.053 

284 

.045 

-1.176 

067 

-16  240 

2  509 

16  442 

171  02 

.106 

313 

.070 

-  553 

092 

-8  348 

1  623 

B  505 

169  01 

209 

.317 

094 

-  669 

117 

-2  668 

41B 

2  700 

171  10 

309 

399 

12? 

-  753 

.142 

-2  074 

347 

2  103 

170  50 

381 

370 

147 

-.715 

.164 

*2  154 

303 

2  175 

172  01 

.  460 

390 

.168 

-  682 

.191 

-6  073 

849 

6  132 

172  05 

532 

315 

.  195 

-.645 

.245 

-4  041 

.669 

4  096 

170  61 

.614 

.117 

.249 

-.635 

.294 

*4  131 

.518 

4  163 

172  87 

694 

.059 

.297 

-.619 

.319 

-3  786 

484 

3  817 

i72  72 

779 

.230 

321 

•622 

.343 

-3  631 

.460 

3  660 

172  79 

.874 

339 

348 

*  616 

366 

-2  569 

379 

2  '97 

171  63 

.369 

-.603 

.393 

-2.554 

434 

2  590 

170  36 

.390 

-.550 

.424 

-3.012 

.304 

3  027 

»74  25 

.420 

-.535 

448 

-1  784 

?49 

1  602 

172  06 

.450 

-.584 

.470 

*2  436 

*8 

2  451 

173  73 

.473 

-  593 

.497 

-2  093 

<65 

2  109 

172  78 

499 

-.597 

.547 

-2.075 

.281 

2  094 

172  30 

.524 

-  587 

.569 

*1.847 

.207 

1  650 

173  63 

.550 

-  596 

.596 

-1  511 

173 

t  521 

173  49 

578 

-.579 

.618 

•1.769 

.154 

1  776 

175  04 

.600 

-.545 

647 

-1.196 

107 

t  201 

174  89 

624 

•499 

697 

•  563 

057 

666 

174  23 

.652 

-  432 

.746 

•  736 

.037 

737 

177.17 

.700 

-.379 

796 

•  386 

-.000 

386 

•179  99 

.749 

-.281 

.841 

•281 

-.015 

281 

•177  01 

.797 

-.170 

.916 

1  463 

-.081 

1  485 

-3  13 

•LOWER  SURFACE . - 

UNSTEAOT  OATA 


REAL 


-CPL.A . — 

I  HAG  <MC 


PHASE 


842 

.914 


005 

.078 


TABLE  5.G.  MEAN  AND  FUNDAMENTAL  FREQUENCY  PRESSURE  FOR  AGARD  CT  CASE  NO.  2;  DYNAMIC  INDEX  185 

WING  MOOEL-  NLR  7301  SUPERCRITICAL.  CHORD*  500  METERS 


WING  MOTION  PITCHING  50  wtG  ABOUT  X/C« 
OTNAHIC  INOEX  105  STATIC  INDEX  80 


405 


H  .508 
ALPHA  .58 
RE  2  63E  06 


PTQT 

QINF 

PINT 


50864 

7690 

42556 


K  197 
FREQ  21  4 


•UPPER  SURFACE- 


STEADY  DATA 

UNSTEADY 

*aTA 

STEADY  DATA 

.... 

CPU-— 

.... 

•••CPU. A 

.. 

... 

.... 

cn- 

... 

x/c 

CPU 

X/C 

real 

IMAG 

HAG 

PHASE 

X/C 

CPI 

.045 

-1  146 

0t6 

-13  31! 

5  910 

14 

555 

156 

07 

053 

316 

.070 

•  065 

.067 

•13.205 

5  623 

14 

353 

156 

95 

106 

337 

.094 

-.026 

092 

•4  410 

1  341 

4 

509 

163 

09 

209 

337 

122 

•704 

117 

•6  369 

2  261 

6 

759 

160 

47 

309 

416 

.147 

•  676 

142 

-5  276 

1  797 

5 

573 

16* 

21 

361 

374 

.  168 

-  663 

.19. 

•4  270 

1  253 

4 

450 

163 

66 

460 

365 

.195 

•612 

.245 

•3  396 

713 

3 

470 

166 

16 

532 

316 

.249 

•  565 

294 

•3  054 

676 

3 

126 

167 

54 

614 

122 

29T 

•  690 

319 

•3  056 

526 

3 

10! 

170 

25 

664 

044 

.321 

•  601 

.343 

■!  867 

cie 

2 

634 

162 

34 

779 

216 

.348 

•  594 

366 

•1  078 

79? 

2 

039 

107 

»4 

07/ 

334 

369 

S80 

393 

-5  019 

677 

2 

201 

156 

55 

396 

•  524 

424 

•2  177 

095 

2 

179 

177 

51 

420 

•  516 

446 

•1  419 

397 

1 

<67 

166 

25 

450 

•  560 

470 

•1  705 

044 

t 

7M 

176 

62 

.473 

■  579 

497 

•1  636 

004 

1 

636 

179 

M 

499 

-  57! 

547 

•1  4!3 

•  072 

* 

4!5 

•177 

13 

524 

•  559 

569 

•1  126 

•  180 

1 

140 

•  170 

94 

,«o 

•  860 

505 

•  907 

037 

906 

177 

66 

.578 

•  548 

-616 

*  9«0 

•  220 

137 

•166 

43 

600 

•  519 

647 

*  790 

•  24$ 

616 

•  16! 

4« 

.624 

•  467 

.697 

•  463 

•  347 

579 

•  143 

21 

65! 

•  406 

-746 

•  212 

•  364 

4!! 

•120 

!6 

700 

•  353 

.796 

•  147 

•  399 

425 

- 1  to 

2iJ 

749 

-  260 

841 

•  Xb 

•  B3I 

674 

•  107 

90 

,797 

-.165 

916 

•  !74 

•  !38 

M3 

■138 

00 

64! 

-.061 

914 

oai 

•LOWER  SURTACE . . 

UNSTEADY  DATA 


X/C  REAL 


(RAG 


HAG  PHASE 


j, ' 

f  ‘ 


5-10 


\  '~ 

1  TABLE  5.7.  MEAN  AND  FUNDAMENTAL  FREQUENCY  Pc-ESSURE  FOR  AGARD  CT  CASE  NO.  2;  DYNAMIC  INDEX  170 

|  VINC  NCOS..  H.R  7301  SUPERCRITICAL.  CHORD-  500  INTERS 


WING  HOTICN.  PITCHING  50  KG  ABOUT  x/C« 

404 

ClTNAMlC  INDEX  170 

static 

index  ;e 

H  .505- 

PTOT 

203067 

K 

198 

ALPHA  5b' 

Ql* 

30419 

P9E0 

22  0 

RE  9  33E  06 

PINT 

170663 

I 


I 


I 


I 

I 


i 


.  * 

.1 


jfc 

li; 


•UPPER  SuPEACE .  . {.OVER  SuRfACE' 


STEADY  DATA 

UNSTEADY  OATA 

STEAOT  DATA 

UNSTEADY  DATA 

CPU . 

CPU 

X/C 

x/C 

peal 

I  MAG 

MAC 

PHASE 

X/C 

CPL 

K/C 

PEAL  IMAG 

.023 

-1  201 

.016 

•13  384 

6  $28 

14  891 

154  01 

053 

-  284 

.045 

•  1  178 

067 

•It  267 

5  032 

12  350 

155  73 

106 

•  313 

070 

-  953 

.092 

*6  923 

3  157 

7  606 

15$  50 

2C9 

•  317 

.094 

-  069 

117 

•1  93  3 

755 

2  075 

158  67 

.309 

•  399 

122 

*  753 

142 

•1  591 

615 

1  706 

168  87 

39i 

•  370 

147 

-.715 

.  164 

-1  512 

502 

1  593 

161  63 

460 

•  390 

168 

-  682 

.191 

•4  265 

1  353 

4  474 

162  41 

532 

•  315 

.195 

-  645 

245 

-3  217 

977 

3  362 

163  12 

654 

•  117 

249 

-  63$ 

294 

-3  078 

672 

3  151 

167  69 

684 

059 

297 

*  619 

.319 

•2  ei4 

567 

2  875 

163  22 

779 

230 

321 

-  622 

343 

•2  669 

517 

2  719 

>69  04 

874 

339 

348 

-.616 

3 66 

-1  720 

456 

1  780 

t65  15 

369 

-  60* 

393 

-1  993 

♦’70 

2  054 

166  55 

396 

-  550 

424 

-2  100 

226 

2  112 

173  86 

420 

-  535 

*48 

•1  279 

184 

1  2*3 

171  84 

450 

-  584 

470 

-1  764 

133 

1  769 

175  71 

473 

-.593 

497 

•1  552 

135 

1  557 

175  05 

499 

-  597 

547 

-l  460 

079 

1  462 

176  91 

524 

-  587 

569 

-1  215 

•  038 

1  216 

•178  20 

550 

*  598 

595 

•  984 

•  028 

984 

*178  35 

578 

•  579 

.618 

•1  002 

-  103 

1  006 

•174  14 

600 

-  545 

647 

•  778 

•  148 

79  2 

•169  23 

624 

-  498 

697 

•  461 

•  305 

553 

•146  54 

652 

-  432 

746 

•  372 

•  232 

438 

•147  98 

700 

*  379 

796 

•  229 

*  279 

:$i 

•129  44 

749 

-  201 

841 

•  129 

-  U) 

357 

•111  24 

797 

-  170 

916 

333 

-  255 

410 

•3?  43 

84? 

•  065 

914 

078 

TABLE  5.8.  MEAN  AND  FUNDAMENTAL  FREQUENCY  PRESSURE  FOR  AGARD  CT  CASE  NO.  3;  DYNAMIC  INDEX  204 
VINC  NOUEu.  K.R  7301  SUPERCRITICAL.  OUB*  500  MINERS 

VINO  MOriOi-  PITCNIN6  50  OEC  A8WT  «/C*  403 

DYNAMIC  I  NOCK  304  STATIC  I  NOCK  05 


M  710 

ALPHA  2  53 

PC  3  UE  06 

PTOT 

01* 

PI* 

50951 

12140 

96427 

X 

rno 

050 

7  4 

STEADY  DATA 

AKSTtADt  OAT  A 

tTUOr  DATA 

INSTC40T  0*74 

....CPU*-  — 

•••••CPU.  6* •*•»*»•• 

— -C0l- 

. ..0..CH..A*"- 

X/C 

vW 

t/«  RC4L 

IMAG 

HAG 

•>n»* 

*/c , 

CM 

K/C  K4L  IN4S 

023 

•1  00* 

oil  *5  230 

1  (754 

6  XB 

IM  II 

053 

101 

045 

•1  HO 

Ov?  ■»  304 

1  394 

7  i» 

lit  11 

101 

194 

070 

•1  3)< 

117  *1  342 

1  219 

1  451 

1*0  13 

209 

37) 

»4 

•1  «7 

142  *6  COf 

l  lit 

C  >24 

1«  « 

309 

414 

122 

•1  634 

191  ••  031 

1  335 

1  9C5 

ICO  94 

>0i 

396 

147 

•1  593 

J4*  •*  740 

(  46) 

t  107 

l|7  77 

4*0  • 

427 

l« 

•i  ue 

304  -T  074 

1  319 

7  105 

169  41 

57)  • 

359 

104 

•  i  si» 

Jll  -7  4*0 

1  417 

7  646 

IM  73 

*14 

019 

J49 

■1  4*4 

366  *  4  759 

3  J47 

5  337 

1*3  H 

414 

»0i 

»> 

*1  50« 

39)  *4  94J 

1  14* 

7  XO 

‘M  >3 

7?0 

3*7 

Vi 

•1  504 

424  *>  206 

t  957 

3  300 

i2i  a 

074 

410 

341 

*1  *10 

440  •«  SM 

1  000 

5  120 

m  it 

361 

•1  *14 

470  -?  003 

1  030 

0  >14 

l*»  *3 

3M 

•1  *4* 

417  .3*  0)4 

3  »)1 

24  301 

171  |) 

«0 

>1  913 

*47  *10  377 

1  970 

19  377 

174  i| 

4» 

*1  4*0 

5<9  *11  171 

t  432 

14  3» 

174  95 

4TJ 

•1  «lt 

*»  •«  m 

•  440 

1  *07 

-IT*  37 

4*» 

'1  449 

III  *2  471 

•1  w 

3  131 

•It)  >0 

«4 

•1  031 

047  3  733 

•3  333 

3  *37 

•30  13 

HO 

*  7»2 

007  *  340 

•3  IT* 

«  7(0 

•3)  i* 

0T0 

-  *40 

74*  4  311 

•1  *3* 

4  *33 

■10  33 

MO 

-  «* 

700  1  13a 

•1  0ft 

1  972 

•44  33 

4-M 

•  4T0 

141  (79 

-  100 

47* 

•  TO  *7 

i M 

•  30* 

010  -4  1(0 

•  400 

*  It* 

•174  41 

700 

•  334 

749 

•  J4» 

w 

•  1*3 

HI 

*  047 

•u 

OM 

TABLE  5.9.  MEAN  AND  FUNDAMENTAL  FREQUENCY  PRESSURE  FOR  AGARD  CT  CASE  NO.  3;  DYNAMIC  INDEX  197 
WING  HOCCl.  M.R  7301  SUPERCRITICAL.  CHORD*  500  METERS 

WINS  MOTION.  PITCHING  49  OEG  ABOUT  X/C«  406 
DYNAMIC  INOEX  197  STATIC  INDEX  83 


H  .700 
ALPHA  2  53 
PC  t  20E  07 


PTOT  203135. 
QtNF  5026 2 
PINT  146405 


K  050 
FREQ  75 


♦UPPER  SURFACE- 


♦LOWER  SURFACE- 


UNSTEADY  DATA 


unsteady  data 


.023 

-1  052 

.016 

•5  836 

»  #40 

6  013 

166  16 

053 

•  078 

045 

-1 .623 

.067 

-7.653 

t  768 

7  854 

167  01 

106 

-  170 

.070 

-1  4tB 

.117 

*6  752 

1  598 

6  939 

166  70 

209 

-  250 

094 

-1  682 

142 

-6  320 

1  588 

6  51$ 

165  91 

309 

•  402 

!  22 

-1  659 

ist 

-7  634 

t  638 

7  852 

166  48 

381 

-  392 

147 

*1  605 

245 

-7  350 

2  004 

7  6*8 

164  75 

459 

•  433 

.168 

-t  601 

294 

-7  813 

1  949 

8  053 

166  CO 

532 

*  354 

195 

•  l  554 

319 

-8  195 

2  083 

6  456 

165  75 

614 

•  114 

249 

-1.485 

.366 

.  *3  526 

1  446 

3  811 

157  7t 

664 

.083 

297 

-1  489 

393 

-21  396 

8  238 

22  927 

158  95 

779 

263 

.321 

-1  491 

424 

-44  699 

11  855 

46  2#4 

165  16 

874 

376 

348 

-1  497 

448 

-20  838 

4  302 

21  278 

168  35 

369 

-1  528 

.470 

•18  632 

3  017 

18  0Y5 

170  82 

396 

-t  432 

497 

•9  312 

791 

9  345 

175  16 

420 

-t  236 

547 

2  855 

-2  5t4 

3  805 

-41  37 

450 

-  905 

569 

5  088 

-2  788 

5  802 

-28  72 

473 

-  758 

595 

5  650 

•2  784 

6  299 

•26  24 

499 

-  680 

648 

5  465 

•2  440 

5  985 

-24  06 

524 

-  649 

647 

13  7» 

•5  900 

14  944 

•23  26 

550 

-  627 

697 

11  433 

♦5  013 

12  484 

•23  68 

578 

-  601 

74$ 

2  514 

-1  066 

2  739 

•23  36 

600 

♦  561 

.796 

1  243 

-  642 

1  399 

•27  33 

624 

-  506 

841 

660 

-  177 

683 

*15  02 

652 

-  436 

916 

•  216 

869 

695 

103  98 

700 

•  365 

749 

•  254 

797 

-  139 

842 

•  036 

9M 

096 

TABLE  5.10.  MEAN  AND  FUNDAMENTAL  FREQUENCY  PRESSURE  FOR  AGARD  CT  CASE  NO.  4;  DYNAMIC  INDEX  206 
V1NG  MOOLI*  H.R  7301  SWCUlTlCAL,  CX*0»  WO  M£Tt« 

WINS  MOTION.  PITCHING  I  01  DEC  ABOUT  UK*  400 


OYNAMIC  IWt *  206  STATIC  HCCX  95 

M  71Q  PTOT  500CA 

ALMA  2  5)  QIW  13940 

PC  3  141  Oft  PUT  36427 


K  060 
WCQ  7  • 


*IW  SJVAU- 


•LQWC9  VMTAC£- 


UNSUAUt  DATA 


INMIAOI  QATA 


004 
OH  -I  WO 

070  -1  3J4 

ON  *1  607 


■12 


TABLE  5.11.  MEAN  AND  FUNDAMENTAL  FREQUENCY  PRESSURE  FOR  AGARD  CT  CASE  NO.  5 }  DYNAMIC  INDEX  199 


VING  HOOEL-  N-R  730t  SUPERCRITICAL.  CHORD*  500  METERS 

WING  HOT! ON  PITCHING  I  01  DEC  ABOUT  X/C*  338 

DYNAMIC  UCEX  139  STATIC  INDEX  83 

M  700  PTOT  203135  K  050 

ALPHA  2  53  OUT  50262  FREQ  7  6 

RE  I  20E  07  P UT  146405 

. -UPPER  SURFACE . 


STEADY  DATA 


.... 

c»u . 

... 

x/c 

CPU 

x/c 

023 

-1  052 

.016 

045 

-t .623 

067 

070 

-1  418 

.117 

094 

-1  682 

.142 

12? 

-1  659 

191 

*47 

•1.606 

245 

168 

-1  601 

294 

195 

-1  5S4 

319 

249 

-1  486 

366 

297 

-1  489 

393 

321 

-1  491 

4  24 

348 

-1  497 

.446 

369 

•  1  523 

470 

396 

-1  432 

497 

420 

-I  236 

.547 

45C 

905 

569 

473 

•  758 

•  595 

439 

•  688 

6IC 

524 

-  649 

647 

550 

-  $27 

697 

578 

-  601 

746 

600 

-  561 

796 

624 

•  506 

641 

652 

-  436 

916 

700 

•  365 

749 

•  254 

797 

•  139 

842 

•  036 

914 

096 

UNSTEADY  OATA 


REAL 

(MAC 

ms 

-5  541 

1  319 

5  €95 

-7.513 

1  718 

7  707 

-6  739 

t  .565 

6.9TB 

-6  736 

1  646 

6  935 

-7  533 

1  853 

7  757 

-7  737 

2  099 

8  0t7 

-e  t39 

2  107 

8  407 

-8.613 

2  306 

8  917 

-9  969 

4  603 

10  982 

■28  255 

11  958 

30  68! 

■28  <98 

8  377 

29  704 

■12  714 

1  556 

12  $09 

•10  319 

429 

10  328 

•4  491 

-  847 

4  571 

2  260 

-2  753 

3  574 

3  4?3 

•2  604 

4  341 

J  758 

-2  329 

4  421 

3  821 

•1  960 

4  294 

10  247 

•4  $05 

II  3»5 

9  096 

•4  155 

1C  002 

2  2« 2 

.  9»7 

2  394 

1  003 

-  502 

1  121 

758 

-  158 

775 

1  022 

492 

1  I3< 

STEADY  OAfA 
•—CPE . 


PHASE 

X/C 

CPL 

166  62 

053 

-  078 

167  13 

JOB 

-  1/0 

166  94 

*209 

•  250 

I6S  26 

.309 

•  402 

166  19 

XI 

•  392 

164  63 

460 

-  433 

165  50 

532 

•  354 

165  02 

814 

-  114 

155  20 

634 

063 

157  07 

779 

263 

163  63 

874 

376 

173  03 
177  63 
169  33 
-50  37 
•36  87 
•3!  90 
•27  16 
•25  12 
•24  55 
•22  St 
•26  61 
•  11  77 
25  74 


-•tOWER  SURFACE . — 

UNSTEADY  OATA 

. CPI. A . 

X/C  REAL  I  NAG  NAG  PHASE 


TABLE  5,12.  MEAN  AND  FUNDAMENTAL  FREQUENCY  PRESSURE  FOR  AGARD  CT  CASE  NO.  5 1  DYNAMIC  INDEX  205 

VIM*  HOOEL-  WJ»  7X1  SUPERCRITICAL.  OW*  500  NCTCW 


tflNH  HQTlON-  PITCHING  50  CEO  ABOUT  X/C*  403 


DYNAMIC 

ittEX  205 

STATIC  IK**  W 

M 

710 

PTOT 

flow 

K  158 

ALPHA 

3  53 

0114' 

1284Q 

r«0  28  5 

nc  9 

I4C  OA 

pur 

MOT 

'UPPER  SURFACE- 


•LO*R  StfVACC- 


6TEA0Y  DATA 


TMICAOV  OATA 


STCAOT  OATA 


unsteady  DATA 


-CPU- 


W. A- 


— CK 


X* 

C*M 

x/c 

on 

•  1  coo 

OK 

on 

•1  MO 

oer 

OK) 

•  1  VO 

it? 

ov 

•  1  Mr 

10} 

l» 

•  1  «J0 

toi 

10 

•t  m 

10* 

in 

•  1  000 

*00 

IK 

.1  SK 

>1* 

at 

.1  014 

M 

it? 

.1  Ml 

») 

VI 

•1  *00 

OfO 

VO 

•  1  010 

000 

Ml 

•  1  Mo 

0)0 

WO 

.1  100 

tit 

OH 

•1  MI 

107 

*w 

•  1  OX 

MO 

01.1 

*•  «I0 

IX 

ox 

.1  000 

(It 

*» 

•  1  011 

Mr 

vu 

•  ni 

tor 

on 

*  MO 

roo 

wo 

•  at 

roe 

.  or* 

Ml 

«u 

•  M 

*1* 

>00 

•  3U 

>0* 

*  at 

w 

■  ;s> 

•u 

.  cor 

01* 

000 

mu 

MC 

•}  w? 

1  OH 

3  OX 

•0  MU 

}  70S 

1  to 

•0  }U 

}  X* 

0  no 

•>  tv 

]  on 

1  MO 

•0  >77 

3  «?0 

1  HI 

•3  001 

3  IX 

(  (41 

•0  00} 

3  101 

4  017 

•0  »> 

3  073 

4  *41 

•  XI 

i  wr 

}  ()) 

•  >!} 

3  CM 

1  (7* 

*17 

tot 

•  ?H 

3  (0* 

3  170 

•0  101 

0  700 

0  OX 

•10  045 

It  *30 

X  000 

•  10  m 

14  XI 

It  Ki 

•1}  OH 

l>  (X 

it  m 

•0  ih 

0  w? 

10  tM 

•0  0(0 

1  Ml 

0  MO 

•3  0*0 

•3  000 

0  310 

*  OX 

-*  no 

f  no 

•1  10} 

■3  OH 

3  773 

»  *1* 

•  Ml 

t  3U 

on 

■an 

I  300 

>  IU 

■  301 

ill 

phase 

«/c 

C*l 

1 MB2 

013 

•  101 

151  51 

tot 

■  101 

Ml  10 

HO 

•  }7I 

147  81 

300 

•  (10 

147  IB 

Ml 

■  300 

(40  05 

0(0 

•  117 

M2  (4 

43} 

•  354 

MO  44 

010 

•  0« 

n  05 

IN 

101 

H  17 

770 

M? 

M  70 

0/0 

OtO 

too  M 
i»  is 
(24  99 
132  91 
03  74 
141  44 
I4S  50 
•OS  H 
*90  17 
•1(4  *7 
•iw  n 
•M  O 
•M9  93 


s/e 


. . CPU. A . 

REAL  IHAC  (UO  PHASE 


5-13 


TABLE  5.13.  MEAN  AND  F*T‘:-  AMENT AL  FREQUENCY  PRESSURE  FOR  AGARD  CT  CASE  NO.  5;  DYNAMIC  INDEX  198 

W'Mi  WOa  NLR  7301  SUP£RC  1TICAL.  CH»0«  50C  METERS 


WINS  MOTION.  PiTCHINS  .'.9  OEG  ABOUT  X/C* 
DYNAMIC  JNOex  198  STA*  1C  INDEX  83 


405 


M  TOO 
Alpha  2  S3 
RE  1.20C07 


PUT 

QINF 

PlW 


303135 

50262. 

146405 


K  201 
TOO  30  2 


-UPPER  SURFACE - 


STEADY  OATA 


UNSTEADY  OATA 


STEADY  OATA 


•LOWER  SURFACE . 

UNSTEAOY  DATA 


— 

CPU . 

.... 

CPI . 

x/c 

CPU 

X/C  REAL 

(MAC 

MAC 

PHASE 

x/C 

CPL 

023 

•!  052 

016  -3  555 

2  036 

4  007 

150  21 

053 

•  078 

0^5 

-t  623 

067  *4  031 

7 

5  637 

U6  «9 

18* 

•  170 

070 

-1  418 

117  -4  130 

2  703 

4  936 

146  90 

209 

-  250 

094 

•  I  682 

t42  -3  7» 

2  7*7 

4  611 

143  «l 

309 

-  402 

122 

-1  659 

.191  -4499 

3  350 

5  601 

U3  28 

3*t 

-  392 

147 

*  1  206 

245  -3  681 

3  529 

5  246 

t37  72 

460 

•  433 

!C8 

-1  601 

294  -4  144 

3  737 

5  580 

137  97 

532 

-  354 

195 

*1  554 

.319  -4  309 

4.130 

5  969 

136  23 

614 

•  114 

249 

•  1  485 

366  -  889 

2  295 

2  462 

111  19 

684 

083 

297 

•  1  489 

393  -3  946 

19  845 

20  233 

101  25 

779 

.263 

321 

-1  49! 

.424  -16  477 

39  796 

43  072 

112  50 

874 

376 

348 

-1  497 

448  '9  232 

20  443 

22  431 

114  31 

369 

•1  528 

470  -13  026 

15  224 

90  036 

130  56 

396 

-1  432 

497  -8  117 

5  943 

10  061 

143  00 

420 

-1  236 

547  -2  929 

•H  039 

5  829 

-»2C  1 1 

450 

-  905 

5*9  -t  182 

-6  552 

5  •* 

•100  24 

473 

-  75. 

595  -411 

-•  717 

6  729 

-93  51 

499 

-  CM) 

6>$  111 

•6  167 

6  168 

•S8  98 

524 

-  6^0 

647  863 

-15  70* 

15  725 

•86  86 

•  627 

697  375 

-12  892 

12  897 

-88  34 

570 

•  60> 

746  073 

•1  *0* 

2  910 

♦68  58 

600 

-  561 

796  -  155 

•1  696 

1  703 

•95  23 

624 

•  506 

841  085 

•1  196 

1  199 

•m  »a 

652 

-  436 

916  690 

•  309 

.075 

•13  82 

700 

-  3C5 

749 

-  254 

797 

-  139 

W 

-  036 

914 

096 

I*  At 


•-CPL.A- 

IMAC 


MAC 


PHASE 


TABLE  5.14.  MEAN  AND  FUNDAMENTAL  FREQUENCY  PRESSURE  lOR  AGARD  CT  CASE  NO.  6)  DYNAMIC  INDEX  190 
VINO  HOOCL-  M.R  7jO»  SlTOCRlTICAL.  CHORD*  500  NCT{R$ 


WIND  MOTION  PITCHING  50  OCO  A80QT  **• 
DYNAMIC  i*CCX  190  STATIC  INK*  61 


403 


K  752 

ALPHA  37 

ft  )ttoe 


PTOf 

QI7P 

PI* 


50*4 

13966 

3S026 


K  050 

r«C0  7  6 


•im*  Surface  • 


STEADY  DATA 


unsteady  data 


STEADY  OATA 


•LOWft  L#r*a . - 

UNSTEADY  DATA 


.... 

W-  — 

•— W  A 

•••■cn.- 

.... 

IWC 

cu 

tic  Wii. 

IMAC 

tuc 

PHASE 

t/c 

» 

on 

•  m 

on  •«  tv 

2  011 

•  7t7 

158  98 

05> 

926 

045 

•  1  019 

087  -8  m 

3  416 

•  m 

tt»  it 

108 

Mt 

CTO 

•  987 

117  •*  MO 

1  Mt 

9  001 

IM  tO 

tot  • 

53] 

0*4 

•i  i»j 

14]  •«  Wt 

3  414 

•  077 

W  9! 

Kl  * 

7t7 

l» 

-1  1 12 

in  i  <ot 

i  §» 

•  117 

15)  33 

381 

734 

147 

.»  0»7 

!«  •!  Oil 

4  ttt 

»  K 8 

155  82 

440 

in 

its 

•  1  0  77 

n*  -t  uj 

4  711 

»0  9t7 

t»4  35 

51} 

44] 

m 

.1  015 

)»9  -10  47} 

» «l 

II  714 

■»  N 

414 

133 

1*1 

■  m 

04]  •<  Ml 

•  lil 

II  If  A 

128  44 

«4 

Oil 

297 

•  1  011 

X*  >7  It* 

8  403 

«  HI 

IN  H 

in 

on 

321 

*1  OH 

29J  .11  I4> 

tl  173 

1 *  to' 

<n  os 

174 

1*1 

Mi 

•1  0* 

424  -19  644 

•  m 

it  Ml 

III  44 

3tt 

•  I  07] 

448  -ID  All 

I  HO 

13  4» 

140  89 

*. 

-1  047 

470  *1)  848 

t  IU 

It  141 

147  81 

4» 

•  n* 

i»7  >1)  Hi 

«  JW 

11  711 

147  92 

450 

■  m 

547  *«  TV 

1  Ul 

17  HO 

1U  «t 

«n 

•  1  U) 

HI  -II  l»l 

•  m 

It  5U 

144  24 

499 

-1  029 

M  UM 

•1  Ml 

14  tit 

<29  19 

«« 

•  i  on 

tit  1  Ml 

*5  464 

7  71] 

•41  1] 

MO 

->  tit 

647  •}  4M 

tM 

2  55* 

187  49 

in 

•  1  111 

t#7  -1  644 

771 

1  tM 

IM  M 

<00 

•  899 

746  -I  *11 

•47 

1  587 

155  K 

Hi 

•  w 

m  *i 

l  064 

i  jii 

I»1  » 

*v 

•  417 

•41  •>  l*t 

1  Ml 

I  s» 

110  H 

wo 

•  388 

tn  -i  iu 

049 

1  IU 

ttt  Ot 

lit 

*  t*i 

w 

•  13} 

M 

•  Oft 

tit 

IQ] 

IK 


REAL 


••CPL.A. 
I  MAC 


MAC 


TABLE  5.15.  MEAN  AND  FUNDAMENTAL  FREQUENCY  PRESSURE  FOR  AGARD  CT  CASE  NO.  6;  DYNAMIC  INDEX  132 


WING  MOCEl'  H.R  7301  SUPERCRITICAL.  CHORO*  500  ME^RS 


WING  MOTION.  PITCHING  5C  DEG  ABOUT  X/C*  401 


DYNAMIC  INDEX  132  STATIC  INDEX  73 


M  752 
ALPHA  37 
RE  6  20C  06 


PTOT  101661 
OlfP  27671 

PM  69850. 


r  050 

FREO  8  0 


♦UPPER  SURFACE  - 


-LOWER  SURFACE  - 


UNSTEADY  DATA 


-** 

CPU . 

-.-CPL- 

X/C 

CPU 

X/C  real 

IKAS 

MAG 

PHASE 

X/C 

CPL 

023 

-  564 

.016  *5  217 

1  972 

5  577 

159  30 

C33 

258 

045 

-1  095 

■067  *8.618 

3  247 

9  209 

159  37 

C53 

502 

070 

-1  064 

092  -6  638 

2  756 

7  373 

IS**  06 

106 

c*v 

O'M 

-1  136 

117  -7902 

3  046 

»  616 

169  04 

209 

4'lfl 

127 

-1  105 

142  -8  721 

3  526 

9  407 

155  00 

303 

721 

147 

-1  062 

164  -8  699 

3  467 

9  372 

158.17 

381 

667 

168 

*t  065 

191  -8  007 

3  337 

8  674 

157  39 

460 

6C2 

195 

•  t  026 

245  *8  859 

4  008 

9  723 

155  67 

532 

430 

249 

-  970 

294  -9  900 

4  553 

10  89? 

155  31 

€14 

128 

297 

•1  004 

.319  -9  363 

4  405 

10  348 

154  82 

684 

068 

321 

•1  907 

343  -9  807 

4  984 

11  001 

153  07 

779 

24? 

348 

•1  015 

393  -11  767 

9  664 

IS  227 

UO  $1 

874 

357 

369 

♦  1  0S2 

424  .15  856 

9  453 

18  450 

149  21 

396 

•  1  044 

4?C  -14  543 

8  Ml 

16  906 

M9  » 

420 

♦  991 

497  .14  656 

S  133 

17  298 

MB  12 

450 

♦  990 

547  *17  600 

12  269 

25  454 

US  13 

473 

♦1  015 

595  5  924 

*10  558 

!?  220 

•6>  Cl 

499 

-1  016 

618  5  193 

-9  932 

11  208 

•M  <0 

524 

-1  045 

647  -3.277 

•  .540 

3  321 

-173  65 

550 

-1  085 

.697  .1  904 

093 

1  906 

177  02 

578 

-l  003 

746  >921 

-on 

921 

•179  3) 

600 

♦  aoe 

796  -1  033 

so* 

1  054 

168  81 

624 

•  639 

641  •  416 

057 

420 

<■>1  ?? 

652 

•  492 

916  592 

•  ws 

811 

•43  14 

700 

•  365 

74. 

•  243 

w 

•  128 

012 

•  023 

109 

UNSTEADY  DATA 


. CPL.A . 

X/C  REAL  I  HAG  NAG  PHASE 


TABLE  5.16.  MEAN  AND  FUNDAMENTAL  FREQUENCY  PRESSURE  FOR  AGARD  CT  CASE  NO.  6?  DYNAMIC  INDEX  144 
WING  HCtti  N.*  7301  CLfCRCfllTICAl.  C*»®»  900  H£TE*1 

WN6  H0T10M  PITCHING  90  OH  ABOUT  X/C*  40) 


OTHAXIC  1MXX  U4  SUT1C  1«*  H 


H  791 

HPUA  37 
*  MAC  07 


RTOT  2W2H 
01*  SSI  71 
PINT  1SW44 


X  WO 
fSCO  t  A 


SftAOT  OAT  A 


~UNC*  tJVACC- 


UNSTCAOT  DATA 


"lOMU  w»w- 


UNlfCAQt  OATA 


►  k 


me 

cm 

IK  ««. 

IMAfi 

H4C 

d»H 

K/C 

cn. 

031 

•  343 

.014  .0  i» 

i  m 

3  371 

13*  43 

033 

•  134 

,<m 

•*  OH 

013  410 

3  m 

•  111 

IS*  3. 

M3 

•  474 

ora 

•t  034 

OU  -Tilt 

3  M3 

7  M7 

13*  37 

104 

•  331 

ow 

•  i  ut 

lit  *3  *M 

3  013 

3  310 

131  M 

X* 

.  Ill 

133 

•  «  0.7 

143  •*  410 

3  7.1 

10  144 

IH  03 

303 

■  730 

irr 

■  t  OH 

i44  •*  »» 

1  W 

.  (04 

HI  34 

HI 

■  037 

>tt 

•  I  Kt 

III  ■(  103 

3  100 

3  751 

'*7  3* 

110 

■  IK 

IH 

•t  031 

313  >10  (43 

4  .11 

II  707 

133  04 

371 

•  440 

34* 

-  r 4 

m  .to  m> 

7  131 

13  331 

1*0  l» 

(It 

•  133 

nt 

-  Hi 

31.  *14  CM 

3  444 

10  137 

143  0> 

434 

0(4 

131 

•l  MO 

313  <14  333 

4  Ml 

If  KO 

111  10 

77. 

3H 

Hi 

•  l  M3 

»3  -13  itt 

IP  HI 

l«  353 

113  H 

174 

Jit 

M3 

•1  OH 

431  .13  004 

•  1*3 

l»  333 

1*1  to 

7M 

.1  OH 

470  Oil 

1  III 

30  OH 

•33  44 

t» 

*  431 

4.3  -17  434 

I  (11 

It  343 

III  I* 

HO 

•  KO 

347  -14  M4 

3  .71 

I*  IH 

IV  01 

m 

•  OH 

W)  I7IN 

•14  373 

3!  307 

•13  17 

m 

•  tat 

4I(  II  3*1 

•14  417 

3)  373 

•3*  s* 

w 

•  tti 

*47  t  on 

•3  343 

f  *31 

•»  17 

!» 

■  HI 

Ml  1  7J* 

•  4(7 

l  431 

•»l  71 

*7* 

•  Hi 

7H  1  010 

•  HI 

i  Ml 

•IS  01 

CM 

*  43) 

m  M3 

•  3*3 

430 

•34  tl 

•  MS 

•41  314 

•  330 

*4 

-31  M 

tu 

*  440 

I 

s 

m 

•  310 

•  HI 

•37  0* 

300 

•  333 

w 

•  Ml 

w 

*  110 

w 

•  004 

*14 

tSI 

5-15 


TABLE  5.17.  MEAN  AND  FUNDAMENTAL  FREQUENCY  PRESSURE  FOR  AGARD  CT  CASE  NO.  7;  DYNAMIC  INDEX  136 
WtNC  H00EL-  NLft  7301  SUPERCRITICAL.  CHORO*  500  MCTERS 
VI NC  MOTION  PITCHING  1  01  DEC  ABOUT  X/C*  398 


DYNAMIC  IfCEX  136 

STATIC 

INDEX  73 

H  752 

PTOT 

101661 

K 

050 

ALPHA  37 

QlW 

27671 

FREQ 

8  0 

RE  6  20E  06 

PlfA* 

69650 

•UPPER  SURFACE- 


STEADY  DATA 

UNSTEADY  DATA 

X/C 

CPU 

X/C  REAL 

(HAG 

MAG 

PHASE 

.023 

-564 

.016  -5.250 

1  829 

5  559 

160  eo 

045 

-t  095 

067  -8  951 

3  233 

9  517 

160  15 

070 

-1  064 

092  -7  442 

2  988 

8  020 

158  *4 

094 

•  1  136 

117  -  8  540 

3  232 

9  131 

159  2« 

122 

-1  105 

142  *9  309 

3  747 

10  035 

158  09 

147 

-t  052 

.164  -8  939 

3  579 

9  629 

158  19 

160 

•1  065 

.191  -11  194 

5  325 

12  396 

154  67 

105 

•1  026 

245  -12  405 

?  0» 

14  263 

150  47 

249 

*  970 

294  -U  892 

6  325 

13  470 

152  00 

297 

*»  004 

319  -11  182 

5  757 

12  577 

152  77 

321 

-1  007 

343  .10  097 

5  444 

12  101 

153  47 

348 

-I  015 

393  -8  422 

5  538 

10  060 

146  68 

369 

-1  052 

424  *10  100 

4  298 

10  977 

156  96 

396 

*1  044 

470  -9  42$ 

3  637 

10  107 

158  92 

420 

-  991 

497  -7  073 

2  419 

7  475 

161  14 

450 

-  960 

.547  3  398 

-3  441 

4  836 

•45  36 

473 

-1  015 

595  8  073 

-8  710 

11  076 

-47  18 

499 

•1  Ot« 

tie  $  052 

•3  930 

7  216 

03  00 

524 

•  1  045 

647  109 

-  892 

099 

-83  05 

550 

*1  065 

697  -1  603 

•  262 

f  624 

•170  74 

576 

*1  003 

746  -2  295 

238 

2  308 

174  10 

«00 

-  eo e 

796  -3  069 

732 

3  155 

165  60 

N4 

-  639 

841  -3  634 

1  131 

3  806 

>«2  72 

652 

-  4$2 

9*6  -4  023 

1  493 

4  291 

15*  « 

TO 

•  365 

7*9 

•  24* 

*9* 

•  128 

542 

-  023 

•14 

109 

•LOWER  SURFACE- 


STEADY  OATA  WSTEAOT  DATA 

- CPU .  . CPL.A . 

X/C  CPL  X/C  ICAL  I  HAG  MAG  PHASE 


033  258 
053  -  502 
108  •  532 
209  -  496 
309  -  721 
331  -  667 
4 GO  *  602 
532  -  430 
614  -  128 
684  068 
779  245 
•74  357 


TABLE  5.18.  MEAN  AND  FUNDAMENTAL  FREQUENCY  PRESSURE  FOR  AGARD  CT  CASE  NO*  7j  DYNAMIC  INDEX  150 


Vltt  MOa  HR  7 JO >  SFtnCftlTIMl.  CHOBO.  100  «ft«S 

WINS  HOTIOT  HITCHING  1  00  0 U  MOOT  !/C»  M 

OnUMlC  IKXX  ISO  1UTIC  IWU  *» 

N  »l  HTQT  SOU*  K  0* 

Aim*  **  01*  win  rota  •  * 

NC  1  K  0*  Hit*  INM 

•TOO*  OAM 

UlSTtAOV  »TA 

9 1C  IDT  OATA 

IMMCAfit  OATA 

tK 

WJ 

we  «*i 

ifttC 

MAC  ' 

WAX 

t/C 

01 

Ht  MAI  tIUS  mi  MAW 

on 

•  w 

oi*  n  mo 

t  883 

9  497 

tO  41 

0*>  * 

434 

an 

•1  044 

0*1  •»  0JJ 

2  1*1 

•  <t« 

Mt  M 

OM  • 

474 

0*0 

•1  0* 

092  ••  040 

2  Ml 

•  tt* 

III  M 

108 

9)1 

084 

•  1  131 

It*  9  *4* 

3  810 

9  XI 

m  *2 

20* 

<k 

127 

•  1  M* 

142  -10  254 

2  *0* 

10  »>» 

m  u 

309 

no 

147 

•1  04* 

184  .to  801 

3  811 

U  Ml 

140  24 

381 

837 

t«a 

•1  0!» 

Itl  *12  (24 

8  Oil 

14  HI 

154  30 

440  • 

424 

m 

•  i  osi 

245  *12  Ml 

«  244 

14  M* 

t<4  >0 

*22 

249 

•  M 

2*4  .11  AW 

8  m 

t*  *2* 

w  2* 

814 

1)3 

*•> 

•  N> 

21*  ‘10  2*4 

4  583 

II  399 

t«  H 

04 

044 

Oil 

•i  OM 

n>  .io  m 

4  no 

II  TO 

IN  »t 

>*» 

3)8 

U4 

-1  009 

2*)  1  <41 

4  OK 

1  442 

t<4  *4 

•14 

*41 

3M 

•l  OM 

*24  .»•*• 

2  M4 

10  29) 

4*3  44 

m 

•  1  OU 

4*0  >10  Hi 

2  41* 

'■9  »K 

It*  22 

AJO 

•  •** 

*97  *10  <22 

2  IW 

«0  *04 

144  M 

MO 

•  WO 

•A*  .»4t? 

U 

*  <K 

IW  22 

473 

•  M4 

<*»•«$* 

-4  V* 

t2  H2 

*4»  n 

499 

•  *M 

«t(  *  m 

-1  814 

•  00* 

•12  tS 

<w 

•  >41 

•A*  •  M 

•  «j 

1  439 

.*»  44 

MO 

•  m 

* 97  779 

•484 

90* 

>20  *2 

<*» 

*  **4 

*41  1*2 

*  241 

168 

•37  44 

*00 

**•  1*1 

•  22$ 

213 

•«>  M 

u* 

•  <*» 

•41  •  OU 

•  >43 

1*4 

•  It*  It 

M2 

•  440 

•It  *  J 12 

•  JW 

4*2 

•  122  *• 

TO 

•  *J 

»A» 

*  2*4 

*** 

•  no 

<M2 

•  004 

•14 

12} 

5-16 


i  i  * 


TABLE  5.19.  MEAN  AND  FUNDAMENTAL  FREQUENCY  PRESSURE  FOR  AGARD  CT  CASE  NO.  8)  DYNAMIC  INDEX  191 

WING  NOCEL.  HJt  7301  SUPERCRITICAL.  CHDfiO-  600  METERS 

WING  NOTION  PITCHING  60  DEC  AOOUT  X/C»  401 


OYNAN'C  IICEX  191  STATIC  IN3EX  81 


H  7SJ 
ALPHA  37 
RE  3  30E  06 


PTOT  60966. 

OINF  13666 

PDF  36026 


X  200 
FREO  31  4 


—UPPER  SURFACE- 


-LOWER  SURFACE- 


UNSTEAOT  OATA 


UNSTEADY  OATA 


x/c 

CPU 

x/c 

PEAL 

IHAG 

KAC 

PHASE 

X/C 

CPL 

.023 

-  565 

018 

•2  891 

1  629 

3  318 

150  60 

053 

•  525 

-1  029 

067 

-4  852 

2  994 

5  701 

UO  33 

106 

-  565 

.070 

-  987 

.117 

-4  301 

2  872 

5  172 

146  28 

209 

-  533 

094 

•1.152 

.142 

•4  159 

3  130 

5  206 

t43  04 

309 

•  753 

12? 

-1  112 

.191 

-3  908 

3  193 

5  oa 

140  76 

381 

•  734 

147 

-1  077 

.245 

•3  880 

3  644 

5  452 

135  28 

460 

•  611 

168 

-l  077 

294 

•3  610 

3  970 

5  ?56 

132  29 

.532 

•  442 

195 

•1  015 

•  Sit 

•3  442 

4  435 

5  614 

127  62 

6*4 

-  133 

249 

•  959 

.343 

999 

2  381 

2  562 

67  24 

68/ 

059 

297 

•  1  013 

366 

354 

3  003 

3  024 

83  29 

779 

231 

321 

•  1  019 

393 

1  011 

3  97$ 

4  102 

75  75 

874 

349 

348 

•  1  029 

424 

•2  236 

7  215 

7  5W 

107  23 

369 

•1  072 

448 

1  666 

6  464 

6  675 

75  56 

398 

•  1  047 

470 

•1.130 

It  378 

1)  433 

95  68 

420 

•  994 

.497 

•  914 

It  162 

M  199 

94  69 

450 

•  988 

547 

•1  044 

7  947 

•  016 

97  49 

473 

•  1  022 

569 

•  857 

9  515 

5  5*1 

W  04 

409 

•1 .026 

595 

-6  341 

•10  236 

12  042 

•t?l  78 

524 

•1  072 

•It 

-3  671 

•  1  746 

4  095 

•154  57 

550 

•  1  118 

•47 

•2  298 

735 

2  413 

162  27 

578 

•  1  113 

•97 

•I  >04 

-  442 

i  ie$ 

•158  20 

COO 

•  899 

745 

•  389 

•  420 

572 

•132  30 

•24 

-  537 

796 

•  293 

283 

497 

>36  06 

652 

-  487 

841 

•  W3 

•  393 

638 

•141  95 

700 

*  358 

916 

•  452 

713 

644 

» 22  40 

749 

*  24? 

797 

■  132 

C4? 

*  02t 

914 

102 

—CPU.  A- . 

I  NAG  HAG  PHASE 


TABLE  5.20.  MEAN  AND  FUNDAMENTAL  FREQUENCY  PRESSURE  FOR  AGARD  CT  CASE  NO.  8j  DYNAMIC  INDEX  114 
uiw  wot  m.*  730i  supercritical,  chord,  too  mews 

WINGHOTtO)  PITCHING  4|  DSC  N0U1  l/C>  401 


OYNAHIC  IKIU  134  STATIC  IICEX  91 


N  W 

ALPHA  J> 

RE  «  ICC  06 


PIOT  I0IS6I 

Qlt#  27GII 

PH#  INTO 


«  no 

'MO  UO 


■im»  surface. 


UMICAtTY  OATA 


SM AON  DATA 


-lower  Surface . 

UNSTEADY  OATA 


uc 

CPU 

REAL 

IMG 

HAG 

AHA  IE 

w 

C*l 

on 

• 

w 

01* 

•a  m 

1  «» 

OJA 

1*1  0* 

eu 

Nt 

OH 

*1 

m 

0*1 

•A  *1* 

a  k; 

Ml 

t«l  A* 

W! 

•  «a 

010 

•  1 

064 

OA? 

•1  MO 

a  *ii 

M* 

tA**l 

IOA 

•  All 

ON 

■1 

m 

H» 

•1  Ml 

a  »* 

FM 

■use 

as 

•  «*» 

12? 

•1 

IDS 

l« 

•A  l» 

a  an 

5 

no 

■At  10 

K* 

•  Ml 

ul 

-1 

0 M 

MSA 

•A  It* 

i  art 

K< 

UAl  11 

Ml 

•  1*1 

U# 

•1 

OM 

1*1 

o  111 

an* 

All 

IS*  1* 

AM 

•  AM 

MM 

•  1 

CM 

Nl 

•1  SM 

a  Ac* 

SM 

IM  1A 

*U 

•  ASS 

Ml 

• 

*10 

Mu 

•1  MM 

4  OM 

US 

■»  is 

«>< 

•  1}* 

tit 

•1 

PM 

li* 

•1  «* 

IK* 

♦  W 

1*1  N 

04* 

SCI 

.1 

OS? 

Ml 

•a  «M 

MU 

MS 

111  u 

in 

M 

Ml 

•1 

01* 

an 

*o 

4  All 

AAJ 

m  u 

•»A 

SM 

ACS 

•1 

CM 

tat 

•a  iw 

«  MO 

an 

(GY  41 

m 

-1 

041 

AW 

•  no 

M  IN 

11 

an 

MO* 

AID 

- 

Ml 

4*7 

•  Hi 

It  AM 

tl 

*14 

It  U 

«W 

- 

NO 

*4) 

•  Ml 

IM 

M* 

Mil 

4lJ 

•1 

01* 

IM 

II  Ml 

Ml 

1? 

O'* 

m  u 

4*» 

•I 

OK 

•l« 

•A  111 

a* to 

AW 

IM  W 

«W 

-1 

0*» 

Ml 

•a  **i 

a«i» 

Ml 

11*  M 

no 

•1 

on 

*»» 

.1  »} 

ota 

Ml 

•  1*  *1 

«!» 

•  I 

«1 

14* 

•  *1) 

•  Ml 

*1* 

■111  Al 

<00 

• 

K» 

m 

•  A*! 

-  »? 

*41 

•iaa  aa 

it* 

• 

AM 

*41 

•  «4 

•  *TA 

1 

iaa 

.■it  u 

via 

• 

All 

M* 

•  au 

■  Ml 

m 

•hi  » 

10 

• 

M 

it* 

• 

MI 

w 

• 

IN 

•A J 

* 

on 

fl< 

10* 

IRC  «CAL 


••CM. A . 

mag  m 


u 


}  *  - 
(  **  * 

■>#’ 


f  > 


*§• 

•sfe  ■ 


j  . 
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TABLE  5. 21.  MESH  AND  FUNDAMENTAL  FREQUENCY  PRESSURE  FOR  AGARD  CT  CASE  NO.  8)  DYNAMIC  INDEX  148 

WINS  HOCEL'  NLR  7301  SUPERCRITICAL.  CHORD*  SCO  INTERS 


wins  notion,  pi tchind  50  oes  about  x/c.  403 
DYNAMIC  INDEX  US  STATIC  IfCCX  76 


H  751 
ALPHA  37 
BE  I  IA£  07 


PTOT 

Ol*f 

PIW 


203235 

55173 

1398*6 


X  201 
FREQ  33  0 


STEADY  OATA 


•UPPER  SURFACE . 

UNSTEADY  DATA 


STEADY  DATA 


•UOUER  SURFACE . 

UNSTEADY  DATA 


X/C 

CPU 

X/C  REM. 

tfuc 

HAG 

PHASE 

x/C 

CPL 

023 

•  582 

OK  *2  693 

1  646 

3  156 

148  57 

033 

-  43A 

045 

.1  049 

067  -4.633 

3.206 

5  552 

144  74 

053 

-  474 

070 

-1  035 

.092  *3  €34 

2  990 

4  664 

142  06 

10$ 

-  531 

OM 

•  1  131 

117  .3  781 

2  920 

4  777 

142  33 

209 

-  515 

12? 

-1  097 

142  -4  270 

3  643 

5  743 

I)’  96 

309 

*  750 

,147 

•*1  043 

.164  -4  101 

3  709 

5  529 

137  89 

361 

*  627 

168 

*1  059 

191  *3  204 

3  157 

4  498 

135  43 

460 

-  626 

.1  021 

245  *3  931 

4  951 

6  32? 

126  46 

!-?? 

440 

249 

*  956 

294  *3  251 

4  744 

5  751 

124  43 

614 

•  ‘33 

297 

*  991 

319  *2  725 

4  542 

5  296 

120  97 

C84 

06$ 

321 

-1  000 

.343  *2  449 

5  4S5 

6  007 

114  07 

779 

238 

349 

-1  009 

393  1  524 

l»  058 

11  162 

82  14 

674 

348 

369 

*1  052 

424  .*.157 

14  791 

14  $37 

94  48 

•  396 

*1  052 

s  70  461 

13  19) 

13  201 

88  0) 

420 

-  973 

497  2  004 

12  564 

12  722 

80  94 

450 

-  920 

547  t  023 

14  699 

t4  725 

86  02 

473 

*  666 

595  *15  964 

*16  220 

22  772 

-134  59 

499 

•  905 

619  '10  856 

-17  5C4 

20  59? 

*121  82 

574 

•  949 

647  -1  345 

•5  369 

5  535 

-104  07 

550 

•  999 

697  502 

*2  949 

2  991 

•80  35 

579 

•  >94 

746  626 

•1  sat 

1  706 

•68  40 

600 

*  633 

796  141 

*  826 

038 

*60  30 

62* 

*  525 

641  .  135 

*  677 

690 

-101  27 

052 

•  44() 

tlf  •  6»7 

*  460 

769 

-143  31 

TOO 

•  353 

?49 

•  234 

T97 

*  no 

642 

.  006 

fK 

122 

. CPU. A-' 

X/C  (CAL  HUS 


PHASE 


TABLE  5.22.  MEAN  AND  FUNDAMENTAL  FREQUENCY  PRESSURE  FOR  AGARD  CT  CASE  NO.  9|  DYNAMIC  INDEX  135 
UIWHOOEL  M.R  7101  SUPERCRITICAL  CKSD.  500  l«Tim 


WINS  HO*  l»  PIT04INS  50  CEO  ABOUT  X/C. 
DYNAMIC  I  tax  IPS  STATIC  I  tax  7) 


401 


N  TS3 

ALPHA  it 

.»  *.*eot 


PTOT 

DiMT 

Pit* 


101*41 

>T*TI 

twso 


«  MO 
FRIO  4*0 


SttAOT  OAU 


•>iwi  surface . 

U*4TC40t  DATA 


SttACH  data 


“LOHE*  SURF ACC . . 

IMTEAOF  04(4 


*»** 

£**••••• 

■••>C*U> 

*-»«*••*• 

JVC 

CPU 

x/e  rch 

t*K 

n*c 

MX. 

l/t 

C* 

0» 

»  *C4 

SIS  -1M 

m 

3  «*4 

ISA  S4 

0)} 

3SX 

tn 

-i  cm 

MF  14  RAJ 

9  041 

S  JSS 

1ST  tj 

0S1  * 

*?* 

DM 

•<  014 

SB  .4  » 

#  MS 

4  l» 

194  41 

106  » 

Vi 

to* 

*a  ia» 

HP  >4  IS* 

1  SS4 

4  ST» 

ISO  ss 

iM  • 

AN 

t» 

.-.no* 

141  .4  lit 

P  P5T 

4  Vt 

MSI  3T 

PM  • 

T3I 

•  1  ou 

1(4  >4  )U 

J  JOS 

4  10* 

IS3  0* 

SSI .  • 

1ST 

H4 

>1  '/.S 

t?l  .J  *3* 

•■•It 

1  #3 

»V  K 

*40  - 

623 

IPS 

■1  OH 

2*S  .i  *51 

1  41* 

4  401 

14*  H 

%»  • 

4» 

249 

> 

J*4  .J  4*! 

>  *33 

4  !*! 

143  SS 

•  »4 

l.-c 

»> 

•1  Oi* 

Jl#  >3  TXT 

i  3*0 

P  M2 

•40  « 

604 

MS 

VI 

.1  «? 

mi  -t  m 

1  S’J 

a  e*3 

t«e  31 

it 

2*» 

vs 

•<  0>* 

PM  •  ou 

J  ITS 

2  »n 

90  34 

•74 

»T 

MS 

.t  osj 

41*  .1  PM 

2  648 

3  890 

U9  31 

m 

.1  044 

■  4(0  •  MS 

4  W* 

4  t*S 

*0  J) 

4» 

•  Pti 

APT  J  PM 

T  4*3 

7.6*7 

»J  Ji 

*40 

'  MO 

SAP  3  *0* 

4  SSI 

I  S  U 

V  IS 

m 

vt  01* 

SH  (W 

2  ttf 

S  1ST 

30  3* 

40 

-1  OK 

SIS  i  MS 

»  MS 

i  jsa 

ST  «S 

*1  0*4 

Sat  i  CSS 

J  MS 

JAM 

S*  *1 

sso 

«>  MS 

«>  ‘  (ST 

PT4 

40* 

11}  >3 

«TS 

•1  009 

T4S  .  JW 

*  *  92 

304 

-148  » 

SCO 

*  808 

TP*  -  CM 

*  1*9 

19J 

•  (03  W 

«4 

• «» 

S*l  •  S» 

•  PM 

i  ue 

-IPO  31 

tv 

■  4« 

*«  "  «  iOl 

-  42} 

4 Ct 

•»U$  ** 

W  REAL 


••CPV.4- 

I  MAC 


W 

nt 

nt 


0*4- 


<  MS 

•  t*i 

•  i?» 

•  OM 
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TABLE  5.23.  MEAN  AND  FUNDAMENTAL  FREQUENCY  PRESSURE  FOR  AGARD  CT  CASE  NO.  9;  DYNAMIC  INDEX  149 
WINS  HOCCl-  NLR  7301  SUPCTCSITtCH..  CK3R0-  MO  INTERS 


wins  motion  pitching  so  oes  ibcut  x/c-  wo 


OynamiC  imxx 

H  751 

ALPHA  37 

RE  1 . 14£  07 

149  STATIC  tftiCX  76 

PTOT  203236 

QiNf  55173 

PINT  139946 

X  301 

PfiEQ  49  5 

STEADY  DATA 

UNSTEADY  DATA 

STEADY  OATA 

UN$T£AQY  OATA 

_____ 

cn.  A 

X/C 

CPU 

x/c 

REAL 

(MAC 

MAO 

PHASE 

X/C 

CPL 

X/C  REAL  IHAC 

023 

*  562 

016 

-2.473 

919 

2  638 

159  66 

033 

434 

045 

-1.048 

.067 

-4  268 

2  360 

4  677 

151  07 

053 

474 

.070 

-1.036 

.092 

•3  426 

2  121 

4  030 

UB  25 

106 

531 

004 

-1  131 

1 17 

-3  423 

•2  076 

4  003 

MB  7? 

279 

5»6 

12? 

-1  097 

142 

-3  770 

2  615 

4  70S 

143  26 

309 

750 

U7 

-1  043 

164 

-3  641 

2  704 

4  S35 

143  41 

381 

827 

IC8 

-1  059 

.191 

•2  727 

2  056 

3  415 

143  00 

460 

628 

195 

-1  021 

245 

-3  196 

3  397 

4  f" 

133  27 

532 

4*0 

24? 

•  956 

294 

-2  441 

2  774 

3  695 

Ijt  36 

614 

133 

297 

•  99» 

319 

-1  867 

2  535 

3  >49 

126  39 

684 

068 

321 

-1  000 

343 

-1  420 

2  C07 

3  146 

116  85 

779 

238 

348 

*1  009 

393 

1  182 

3  937 

4  HO 

73  29 

874 

348 

369 

*1  052 

424 

3  147 

10  266 

10  738 

72  97 

396 

•  1  052 

470 

3  636 

7  643 

8  460 

64  62 

420 

-  973 

497 

1.844 

3  175 

3  723 

58  52 

450 

-  920 

547 

9  093 

2  70S 

5  768 

28  00 

47J 

•  866 

595 

•6  *21 

Of? 

0  422 

179  59 

499 

-  905 

618 

*4  367 

-2  372 

4  870 

•  151  51 

524 

•  949 

647 

•2  027 

»2  051 

2  OPS 

*134  70 

550 

•  999 

697 

-1  378 

•2  142 

2  547 

•122  76 

5/8 

•  784 

746 

•  288 

-1  095 

1  1C 

•104  75 

«0 

•  833 

796 

•  065 

-  575 

57$ 

•95  4f 

624 

•  &» 

e/i 

.  IJO 

•  648 

639 

•  104  69 

«w 

■  440 

916 

•  356 

*  173 

396 

*154  12 

700  -  3S3 

7*9  tt* 

7*7  .  no 

eo  -  006 

9H  l« 


TABLE  5.24.  INSTANTANEOUS  PRESSURES  AT  TIIE  UPPER  SURFACE,  HIGH  REYNOLDS  NUMBER 
DATAt  CT  CASE  6}  DYNAMIC  INDEX  144 


4* 

1 

2 

» 

« 

5 

6 

7 

• 

4 

to 

ti 

h 

41 

».» 

...» 

*0,9 

00.  9 

*9.9 

08.7 

70.7 

•6.7 

**.9 

*t.9 

**H 

16*. 7 

IH.I 

AUhU.giftf 

•  Mt 

.100 

.099 

*282 

.911 

,HI 

>199 

•  470 

.620 

••621 

•,... 

••11* 

••111 

*m 

silt 

•*m 

••203 

•now 

♦•139 

•*n« 

*,909 

••2*0 

•.tot 

•Hit 

•.212 

•  »22t 

•  .#22 

.oot 

•1  •  M* 

•I.IO? 

•won 

•1.016 

-WOM 

•1.608 

•M87* 

•1*671 

•1*600 

•Milo 

•Mill 

•  M  6*4 

■I.Olt 

•1.1*0 

•Will 

•WHO 

•Mil 

•Wit* 

•wit* 

•WHO 

•MM* 

•MlfO 

•Mill 

•MU* 

•1.418 

•Mill 

•  in 

*1.172 

•MM 

•Wl.9 

•Mil 

•1.181 

•MM* 

•1.1*8 

•Ml*# 

•who 

•l.lil 

•1.121 

•MttS 

•  Mil* 

•  Ml 

•Mil 

•1.193 

•M#2 

•1.118 

•Will 

•Miet 

•WHO 

•1.091 

•M6I0 

•4*877 

•1*801 

•Moot 

•Mft* 

♦  II* 

-!.**» 

•MM 

•Will 

•Me? 

•Will 

•  WHO 

*1.109 

•l.iOl 

•1.61* 

•Mill 

•M178 

•  MOM 

*1.601 

•  Ml 

•1*102 

•1.01* 

•WHO 

•1.01# 

•Mil 

•1*661 

•W09O 

•t.Ol* 

•4.601 

•1,199 

•4.6*2 

•will 

•  2*1 

•1,1.9 

•Wool 

•will 

•UOll 

•well 

•Will 

•Will 

*1,01* 

•1.1*9 

«a111 

•.111 

••in 

•  Hit 

♦41* 

•Met 

•1*011 

•1.410 

•1**11 

•1*816 

•Mill 

•1.171 

•1,00* 

•1.680 

•1.8*7 

•Mill 

•t»61t 

•Will 

•  1M 

•MU 

•  W  160 

•WHO 

•Will 

•wen 

*1.991 

•woo* 

•1.999 

•1 *602 

•4*611 

•1.6*0 

•mom 

•  I*} 

-0.1*1 

•Mil 

•Mil 

•Mill 

•MM 

•Mill 

•wh* 

•into 

•1.612 

•WH* 

•1.177 

-Mill 

•  wool 

•  Ml 

•Will 

•1.109 

•WHO 

•1*162 

•WHO 

•1.199 

•WH9 

•  Will 

•1.1*9 

•WHO 

•MIM 

•MU* 

•WH* 

•«2* 

•Will 

•Mil 

•M«0 

•1.165 

•MM 

•1*614 

•1*687 

•1*118 

•W*9I 

•4*606 

•will 

•4.118 

•Mill 

•1.019 

-M*» 

•1.093 

•1.921 

•W9I. 

•woe* 

•Mill 

•not 

•H.l 

•.991 

•*!|7 

•il»7 

••fit 

•  Ml 

•Wwtl 

•WHO 

*1.009 

•1.002 

•Will 

•Mill 

•will 

•1.91* 

•WIH 

•4.MI 

•*170 

••lit 

••871 

•1*1 

•Wl»9 

•MO# 

•WHO 

•M7* 

•MIO* 

•Will 

•WHO 

•  Wit* 

•4*610 

•4.61# 

•1 ,91* 

~l«6|8 

•1.617 

•  111 

•HI* 

•»ilo 

•*8l0 

••8*1 

•.*13 

•HO* 

•HI* 

••*84 

•Hit 

•*•71 

••111 

•*itt 

•  •*M 

•  lit 

•il/l 

•**20 

••«#» 

•  .lit 

•  .*11 

•**10 

••MS 

•  .HI 

••HI 

•*110 

••111 

••Ml 

•.ill 

•  8*1 

•..JO 

Mil 

•Ml  7 

*.*14 

•.*11 

••*«» 

•HOI 

•Hit 

♦.687 

■Mil 

••Ml 

••ill 

•.*11 

*017 

*.1«! 

••1*2 

*.101 

*.lo« 

•.MO 

•♦1*6 

•Hit 

••1*1 

•  Hot 

••1*1 

•«Ml 

••lot 

•  Ml 

•Ht* 

•.916 

••21* 

-.#11 

•*#se 

•Hit 

•Hit 

•  HI* 

•HI* 

•HI* 

••«H 

•Hu 

“.1*1 

.til 

••111 

••10* 

••Ml 

-.109 

••I0» 

•«  1.9 

••iti 

•*l6i 

••461 

••111 

••416 

•♦111 

•♦til 

•  8*1 

•*t»f 

*.et» 

••m 

•  HI. 

•*095 

•*600 

•  HI* 

••61k 

•MM 

•*668 

••m 

•«M5 

MM 

•  111 

•lit 

.HO 

•  118 

•  ll> 

.139 

.u* 

.It* 

HU 

*lM 

*1*8 

HU 

.»«• 

11. 

(■. 

ti 


>' « 


V 


V  * 


t 

i 

i 


j 


tj 

*■ 
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TABLE  5.24.  CONTINUED. 


J* 

14 

IS 

16 

17 

19 

14 

20 

21 

22 

23 

24 

23 

26 

PHA8£»OE&* 

114.7 

122.7 

128.7 

134.7 

140.7 

146.7 

132.7 

136,7 

164.7 

170,7 

176,7 

192.7 

144.7 

ALPHA, Utb* 

-.232 

-.276 

-.315 

-.349 

-.392 

-.413 

-.434 

-.460 

-.474 

-.475 

-.497 

-.447 

-.483 

1 

X/C 

*  * 

*  « 

•  # 

•  t 

*  * 

1  4  i 

CP  * 

*  ft 

ft  • 

•  • 

*  ft 

ft  * 

*  • 

i 

♦  014 

-.217 

-.213 

-.209 

-.204 

-.144 

-.194 

-.140 

-♦147 

-.194 

-.191 

-.179 

-.176 

-.175 

2 

.047 

-1.023 

•1.015 

-1.009 

-1.001 

-.445 

-.994 

-.492 

-.476 

-.471 

-.464 

-.454 

-.437 

-.454 

3 

.092 

-1,123 

-1.117 

-J.ili 

•1.105 

•1.044 

•1.041 

•1.094 

•1.074 

-1,073 

•1.067 

•1.064 

•1.061 

•1.054 

« 

.117 

-1.096 

•1.091 

-1.095 

•1.079 

-1.074 

-1,066 

*1.034 

•1.052 

•1.047 

-1.041 

•1.037 

-1.034 

-1.031 

3 

.142 

-1.045 

-1,037 

-1.029 

*1.014 

-1.010 

-1.001 

-.443 

-.496 

-.490 

-.973 

-.464 

-.464 

-.460 

4 

.144 

-1.052 

-1.044 

•1.035 

*1.029 

•1.021 

•1.014 

-1.007 

•1.001 

-.496 

-.990 

-.486 

-.493 

-.479 

7 

.191 

-1,027 

-1.020 

-1.013 

•1.007 

-1.001 

-.943 

-.447 

-.490 

-.473 

-.464 

-.463 

-.434 

-.435 

« 

.243 

-.941 

-.950 

-.939 

-.929 

-.419 

-.909 

-.444 

-.991 

-.494 

-.476 

-.464 

-.964 

-.439 

9 

,29m 

-1.911 

•1.002 

-.992 

-.943 

-.976 

-.963 

-.463 

-.944 

-.934 

-.922 

-.414 

-.401 

-.986 

JO 

.319 

-l.OJu 

-1.022 

-1.013 

-1.004 

-.997 

-.466 

-.476 

-.966 

•.454 

-.437 

•.422 

-.402 

-.967 

n 

.343 

-1.053 

-1.044 

-1,033 

-1.021 

-1.011 

-.447 

-.490 

-.462 

•,944 

-.407 

-.432 

«.4H 

-.716 

12 

.393 

•1.114 

-1.101 

•1.097 

•1.064 

-1,050 

-1.024 

-.472 

-.426 

-.406 

-.400 

-.401 

-.947 

-.942 

11 

*424 

-1.004 

-.464 

-.955 

-.494 

-.446 

-.930 

-.446 

-.433 

-.413 

-.740 

-.760 

-.730 

J« 

.470 

-.454 

-.904 

-.747 

-.746 

-.742 

-.747 

-.774 

-•732 

-.710 

-.612 

-.634 

-.630 

-.646 

13 

.447 

-.457 

-.940 

-.439 

-.954 

-.434 

-.934 

-.415 

••734 

••696 

••663 

-.671 

-.697 

-.T0« 

14 

.347 

-1.005 

-.497 

-.944 

-.944 

-.459 

-.797 

-.749 
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-.914 

-.941 
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-.404 

17 
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-.352 
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14 
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-.441 
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-.739 
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-.909 

-.744 
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-.425 

-.434 

-.441 
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-.470 

-.491 

-.496 

-.311 
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-.323 
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20 
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-.344 
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-.374 

-.176 

-.341 
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-.340 

-.376 
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-.370 

-.372 

21 
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-.251 

-.231 
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-.233 
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-.249 
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-.113 
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-.113 

-•116 

23 

.441 
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•,006 
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.124 

.109 
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.095 
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••117 
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-.it* 

•♦119 

•.to 

•no 

•♦Ill 
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*3 
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26A.  7 

•44.7 

946*7 

IM.T 

999*7 

914.7 

929,7 

ion 
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* 

#v*»».u#n 

.*4* 
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*466 
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* 
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i 
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•1.941 
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•I.O* 
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•I.O* 
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•1,114 
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•Mlf 
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•1,671 

-I .674 

•I.IO 
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•1.194 
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It 

.346 

-.674 
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TABLE  5.24.  CONCLUDED 


J= 

55 

54 

55 

50 

5? 

50 

59 

60 

61 

62 

63 

64 

63 

PNA3t»0fcGa 

350.7 

356.7 

362.7 

360.7 

374,7 

300.7 

306.7 

392.7 

390.7 

406.7 

610.7 

416.7 

422.7 

alpha, utba 

.482 

.406 

.46/ 

.463 

,476 

,465 

,440 

.427 

.603 

.372 

.339 

.291 

♦  242 

1 

.016 

-.264 

-.206 

-.26  7 

-.266 

-.2o9 

-.269 

-.270 

-.260 

-.267 

-.265 

-.264 

-.262 

-.250 

a 

*1.049 

-1.102 

-1.104 

-1.100 

-1.108 

•1.108 

-1.100 

*1.107 

•1.105 

-1.102 

-1.099 

•1.096 

-1.091 

i 

.092 

*1.106 

-1.160 

*1.190 

•1.141 

•1.192 
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-1.19J 

-1.192 

-1.191 

•1.190 

•1.107 

•1.103 

-1.161 

« 

.117 
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•1.160 

•1.165 

-1.161 
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-1.122 
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-1.130 
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*1,140 
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•1.123 

•1,120 

•1.115 

* 

.164 
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-1.134 

-1.136 
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•1.139 

•1.140 
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•1.123 

7 
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0 

.2*5 
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•1.043 
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-1.0*9 
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•1.034 

0 
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-1.102 
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•1.090 
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•1.006 

10 

•  319 
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-1.113 

*1.113 
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-1.101 

-1.097 

u 

.543 

-1.120 

-1.125 
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-1.130 

-1.132 

-1,133 

•1.133 

-1.132 

•1,130 

-1.129 

-1.126 

-1.121 

-1.117 

\i 

.393 

-1.174 

-1.170 
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-1,104 

-1.166 

•1.100 

•1*100 

-1.109 

•1.100 

•1.107 

-1.105 

•1.102 

-1.179 

is 

•  *24 

-1.104 

•1.107 

•1.110 

-1.113 

-1.11* 

•1.114 

-1,116 

•1*115 

•1.113 

•1.112 

•1.100 

•1.105 

-1.101 

14 

.470 

-1.010 

*1.021 

-1.026 

•1.029 

-1.031 

-1.032 

-1.032 

-1.032 

*1.030 

•1.020 

-1.025 

-1.021 

-1.017 

lb 

.49/ 

-1.053 

-1.061 

•1.066 

-1.070 

-1.073 

•1,074 

•1,075 

•1.075 

-1.076 

-1.071 

•1.060 

•1.063 

•1.050 

U 

.5*7 

-1.147 

•1.165 

*1.174 

•1.100 

-1.104 

•1.106 

•1.109 

-1.107 

•1.106 

•1.103 

•1,100 

•1.174 

-1.165 

17 

.595 

-.531 

-.524 

-.532 

••530 

-.529 

*.529 
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••524 
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*.514 

•.500 

•,«99 

10 

.610 

-.422 

-.424 

-.420 

•♦4J4 

•.430 

-.*29 

-.*89 

-.620 

*.023 

-.420 

-.620 

•.413 

-.406 

1* 

.6*7 

-.417 

-.421 
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*.425 
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-.425 
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•|412 
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20 
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-.343 
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*.345 
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*.340 
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21 

.7*6 
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-.230 

-.232 

-.233 

-.231 
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-.230 

-.232 
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-.230 
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-.229 

22 
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*.109 
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23 

.041 
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-.007 
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24 

.914 
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•  133 
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•  UO 

TABLE  5.25.  INSTANTANEOUS  PRESSURES  AT  THE  UPPER  SURFACE.  HIGH  REYNOLDS  NUMBER 
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1.9 

7.5 

li.5 

19.5 
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ALPHA. 0161 

»49u 
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.067 

•Will. 

•1.075 
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4 
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•1.161 
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•1.106 

9 
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9 
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•1.03I 

•1.011 
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•1,014 
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RAE  WING  A.  OSCILLATING  FLAP 
by 

D.  G.  Mabey,  RAE  Bedford 


INTRODUCTION  AND  DISCUSSION 

An  extensive  series  of  oscillatory  pressure  measurements6*1*2  was  made  on  a  half 
model  of  a  swept  wing  with  a  part-span  trailing-edge  flap  (Fig  6.1),  to  highlight  the 
uncertainties  in  linearised  theory  at  transonic  speeds  and  moderately  high  frequencies  and 
to  provide  evidence  of  the  importance  of  boundary-layer  thickness.  The  model  thickness-to- 
chord  ratio  was  selected  to  ensure  that  at  zero  incidence,  even  at  transonic  Mach  numbers 
up  to  M  =  0.9,  the  local  Mach  number,  M.  ,  would  be  less  than  1.2,  so  that  boundary- layer 

separations  were  avoided  (Fig  6.2).  The  mean  isomach  contours  are  given  in  Figs  6.2  and 

6.3  which  illustrates  seme  measurements  made  for  angles  of  incidence  other  than  zero. 

The  magnitude  of  the  oscillatory  pressures  decreases  significantly  as  the  boundary- 
layer  displacement  thickness,  S1  ,  at  the  flap  hinge  line  increases,  consistent  with  the 

reduced  lift-curve  slope  of  the  flap.  However,  the  phase  lag  of  the  oscillatory  pressure 
with  respect  to  the  flap  motion  decreases  as  the  boundary-layer  thickness  increases 
(Fig  6.4).  This  large  change  in  phase  angle,  4  ,  is  now  attributed  to  the  displacement 
effect  of  the  time-dependent  turbulent  boundary  layer6,3 . 

The  major  uncertainty  in  the  original  experiment6,1*2  was  the  absolute  value  of  the 
flap  deflection,  which  could  only  be  specified  to  about  5%  accuracy  because  of  aeroelastic 
distortion  (both  static  and  dynamic) .  In  the  subsequent  tests  a  stiff  flap  was  used  made 
of  carbon  fibre6,3,  together  with  a  new  form  of  optical  transducer  to  measure  the  flap 
amplitude6,1*.  There  were  also  improvements  in  the  measurement  of  pressures.  None  of 
these  measurements  is  included  here,  for  other  reasons  discussed  fully  in  Ref  6.3. 

In  the  original  experiment  good  comparisons  with  inviscid  linearised  theory  were 
obtained  at  subsonic  speeds  (Fig  6.4).  The  principle  of  superposition  of  flap  frequencies 
was  valid  at  both  subsonic  and  transonio  speeds  (Fig  6.5atb).  However,  at  transonic 
speeds  sinusoidal  flap  movements  do  develop  significant  pressures  at  harmonic  frequencies 
behind  the  shock  waves,  owing  to  the  non-linearity  of  transonic  flows6,1  and  small  aero- 
elastio  distortions  (Fig  6.6). 

Ref  6.1  gives  some  details  of  the  original  experiment  while  Ref  6.2  reviews  the 
principal  results.  Ref  6.3  gives  some  preliminary  measurements  on  the  same  model  fitted 
with  a  modified  flap  and  drive  system  capable  of  much  higher  frequencies,  Amongst  other 
results,  these  tests  established  that  in  the  original  experiments6,1*2  the  effects  of  the 
unwanted  wing  motion  on  the  oscillatory  pressures  were  small. 

The  data  presented  correspond  with  some  of  the  CT  oases  in  Ref  6.9  ohosen  for  RAE 
Wing  A  with  an  oscillating  flap  and  rolate  to  both  subsonic  and  transonic  flows.  Of  the 
CT  cases,  4  and  5  are  for  subcritloal  flow  and  11  is  for  supercritical  flow.  For  CT 
Cases  8  and  9  the  unsteady  flow  is  termed  'critical*  because  a  local  supersonic  region  is 
present  intermittently.  (See  Table  6.1  and  discussion  in  Ref  6.1.) 

No  data  for  the  CT  Cases  with  heaving  or  pitohing  or  for  CT  Cases  10,  12  and  13  are 
yet  available. 


1  GENERAL  DESCRIPTION  OF  MODEL 

1 . 1  Designation 

1.2  Type 

1 . 3  Derivation 

1.4  Additional  remarks 

1.5  References 


2  MODEL  GEOMETRY 

2.1  Piaofdra  Straight  tapered 

2.2  Aspect  retlo  6 

2.3  Leading-edge  sweep  36.65° 

2.4  Trailing-edge  sweep  22,34° 


RAE  Wing  A 

Half  model  with  part-span  trailing-edge  flap 

ea 

Ref  6.5 


6-2 


Taper  ratio  1/3 

Twist  0 

Root  chord  240  mm 

Span  of  model  s  =  480  mm 

2 

Area  of  planform  0.0768  m 

Location  of  reference  sections  RAE  101  -  9%  streamwise 
and  definition  of  profiles 

Lofting  procedure  between  Straight  line  generators 

reference  sections 

Form  of  wing-body,  or  No  bodys  0.6  mm  gap  at  root 

wing-root  junction 

Form  of  wing  tip  Straight  streamwise  chords  no  radius 

Control  surface  details  Trailing-edge  flap  froir  n  =  0.40  to  0.70. 

Hinge  line  at  x/c  =  0.70  swept  27.05°.  Small 
chordwise  and  spanwise  gaps  (see  Ref  6.1) 

2.15  Additional  remarks 

2.16  References 


3  WIND  TUNNEL 

3.1  Designation  RAE  3  ft  *  3  ft 

3.2  Type  of  tunnel  Continuous  and  pressurised 

3.3  Test  section  dimensions  Height  »  640  can,  width  «*  910  mm, 

length  =  1370  mm 

Slotted 

Closed 

Four  complete  slots  and  two  corner  half  slots 
in  roof  and  floor,  covered  with  perforated 
plates.  Open  area  ratio  of  slots  -  8» 

Thickness  of  side  wall  ■  7  na 

boundary  layer 

Thickness  of  boundary  lay» cs  6*  less  than  7  mm 
at  roof  and  floor 

Method  of  measuring  Maoh  Pl&nua  chamber  pressure 

number  ' 

Flow  angularity  About  0,1s 

Uniformity  of  Maoh  number  over  4 0.002 

test  section 

Sources  ani  levels  of  noise  or  Mixing  region  at  ends  of  working  section, 
turbulence  in  empty  tunnel  Typical  levels  at  transonic  speeds  /nF(n)  - 

0.004  (Ref  6.6) 

3.13  Tunnel  resonances  Tunnel  resonance  frequencies  well  above  flap 

frequencies 

3.14  Additional  remarks 

3. 15  References  on  tunnel  Ref  6.6 


4  MODEL  MOTION 

4.1  General  description  Sinusoidal  pitching  of  flap  about  swept  hinge 

line 

4.2  Reference  coordinate  and  Flap  deflection  relative  to  wing  chord  at 

definition  of  motion  n  «  0.55  (mid-flap) 

0  to  2° 


3.7 

3.8 

3.9 

3.10 

3.11 

3.12 


3.4  Type  of  roof  and  floor 

3.5  Type  of  side  walls 

3.6  Ventilation  geometry 


2.5 

2.6 

2.7 

2.8 

2.9 

2.10 

2.11 

2.12 

2.13 

2.14 


4.3  Range  of  amplitude 


4.4  Range  of  frequency  0,  1  Hz,  90  Hz  and  limited  data  available  at 

131  Hz 

4.5  Method  of  applying  motion  Semi -resonant  motion 

4.6  Timewise  purity  of  motion  Good.  First  overtone  40  dB  lower  than 

fundamental 

4.7  Natural  frequencies  and  normal  First  bending  frequency  at  60  Hz,  second  bend- 

modes  of  model  and  support  ing  frequency  at  143  Hz,  minimum  model  motion 

system  at  90  Hz 

4.8  Actual  mode  of  applied  motion  Elastic  deformations  were  not  measured  but 

including  any  elastic  were  subsequently  shown  not  to  alter  the 

deformation  pressures  at  1  and  90  Hz 

4.9  Additional  remarks  Influence  of  wing  motion  discussed  in  Ref  6.3 


TEST  CONDITIONS 

5.1  Model  planform  area/tunnel  0.13 

area 

5.2  Model  span/tunnel  width  0.53 

5.3  Blockage  1.2% 

5.4  Position  of  model  in  tunnel  685  mm  from  start  of  working  section 

5.5  Range  of  Mach  number  0.40,  0.65,  0.80,  0.85,  0.90,  0.95 

5.6  Range  of  tunnel  total  pressure  0.95  bar 

5.7  Range  of  tunnel  total  278  K  to  298  K 

temperature 

5.8  Range  of  model  steady,  or  0  to  2° 

mean,  incidence 

5.9  Definition  of  model  incidence  Model  set  to  zero  geometric  incidence 

(NB  up  to  0.1°  flow  deflection) 

5.10  Position  of  transition,  if  Limited  data  with  free  transition  in  Ref  6.2 

free 

5.11  Position  and  type  of  trip,  x/c  »  0.05,  roughness  elements  0.13  mm  high 

if  transition  fixed  and  2  mm  apart 

5.12  Flow  instabilities  during  No  periodic  shock  oscillation  but  some  random 

tests  oscillation  associated  with  unsteadiness  in 

tunnel  flow 

5.13  Changes  to  mean  shape  of  model  Negligible 
due  to  steady  aerodynamic  load 

5.14  Additional  remarks 

5.15  References  describing  tests  Refs  6,1,  6.2 

MEASUREMENTS  AND  OBSERVATIONS 

6.1  Steady  pressures  for  the  mean  conditions 

6.2  steady  pressures  for  small  changes  from  the  mean  conditions 

6.3  Quasi-steady  pressures 

6.4  Unsteady  pressures 

6.5  Steady  section  forcos  for  tho  mean  conditions  by  integration 
of  pressures 

6.6  Steady  section  forces  for  small  changes  from  the  mean  conditions 
by  integration 

6.7  Quasi-steady  section  forces  by  integration 

6.8  Unsteady  section  forces  by  integration 

6.9  Measurement  of  actual  motion  at  points  on  model 


6.10  Observation  or  measurement  of  boundary  layer  properties 

6.11  Visualization  of  surface  flow 

6.12  Visualization  of  shockwave  movements 

6.13  Additional  remarks 

INSTRUMENTATION 

7.1  Steady  pressures 

7.1.1  Position  of  orifices 
spanwise  and  chordwise 

7.1.2  Type  of  measuring  system 

7.2  Unsteady  pressures 

7.2.1  Position  of  orifices 
spanwise  and  chordwise 

7.2.2  Diameter  of  orifices 

7.2.3  Type  of  measuring  system 

7.2.4  Type  of  transducers 

7.2.5  Principle  and  accuracy  of 
calibration 

7.3  Model  motion 

7.3.1  Method  of  measuring  motion 
reference  coordinates 

7.3.2  Method  of  determining 
spatial  mode  of  motion 

7.3.3  Accuracy  of  measured 
motions 

7.4  Processing  of  unsteady 
measurements 

7.4.1  Method  of  acquiring  and  Serial  logger  to  Digital  Transfer  Function 

processing  measurements  Analyser  (DTFA) j  paper  tape  input  to  remote 

computer)  parallel  magnetio  tape 

7.4.2  Type  of  analysis  Harmonic 

7.4.3  unsteady  pressure  Fundamental  only 

quantities  obtained  and 

accuracies  achioved 

7.4.4  Method  of  Integration  to  Not  integrated 

obtain  forces 

7.5  Additional  remarks 

7.6  References  on  techniques  Refs  6.1,  6.3  and  6.4 


See  data  tables 
Capsule  manometers 

See  data  tables 
0.5  mm 

Individual  in  situ  transducers 
Kulite  type  XCQL  093  25A 

Steady  calibration  and  tests  with  oscillatory 
pressure  generator  (see  Ref  6,7) 

Foil  strain  gauges  on  steel  flexures  at 
n  =  0.52  and  0.66.  Average  motion  at  n  «  0.55 

Not.  measured 
5% 


DATA  PRESENTATION 


8.1 

Test  cases  for  which  data 
could  be  made  available 

Table  6.1 

8.2 

Test  cases  for  which  data  are 
included  in  this  document 

Table  6.1 

8.3 

Steady  pressures 

Tables  6.2 

to 

6.$ 

0.4 

Quasi-steady  or  steady 
perturbation  pressures 

Tables  6.2 

to 

6.5 

8.5 

Unsteady  pressures 

tables  6.2 

to 

6.5 

8.6 

Steady  forces  or  moments 

«• 

8.7 

Quasi-stcady  or  steady 
perturbation  forces 

- 

8.8 

Unsteady  forces  and  moments 

8.9 

Other  forms  in  which  data 
could  be  nude  available 

*e 
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8.10  References  giving  other 
presentations  of  data 


9  COMMENTS  ON  DATA 

9 . 1  Accuracy 

9.1.1  Mach  number 

9.1.2  Steady  incidence 

9.1.3  Reduced  frequency 

9.1.4  Steady  pressure 
coefficients 

9.1.5  Steady  pressure 
derivatives 

9.1.6  Unsteady  pressure 
coefficients 

9.2  Sensitivity  to  small  changes 
of  parameter 

9.3  Non-linearities 

9.4  Influence  of  tunnel  total 
pressure 

9.5  Effects  on  data  of 
uncertainty,  or  variation, 
in  mode  of  model  motion 

9.6  Wall  interference 
corrections 

9.7  Other  relevant  tests  on 
same  model 

9.8  Relevant  tests  on  other 
models  of  nominally  the 
same  shape 

9.9  Any  remarks  relevant  to 
comparison  between 
experiment  and  theory 

9.10  Additional  remarks 

9.11  References  on  discussion 
of  data 


10  PERSONAL  CONTACT  POR  FURTHER 
INFORMATION 


Refs  6.1,  6.2,  6.3  and  6.8 


±0.002 

±0.1° 

Variations  up  to  ±2%  from  nominal  values  due 
to  temperature  variations 

C  better  than  ±0.006 
P 


Magnitude  of  Cp/6q  to  ±  (o.05|c_/60|  +  0.02). 
Phase  to  ±3°  y 


Small  (discussed  in  Refs  6.1  and  6.2) 
Not  known 


See  Introduction 


None 


Ref  6.3 


Ref  6.5  for  relevant  steady  tests 


Some  Interesting  comparisons  with  subsonic 
invisoid  linearised  theory  in  Ref  6.2 


Refs  6.1,  6.2  and  6.3 


D.G.  Habsy 
Dynamics  Laboratory 
RAE  Bedford 
MX41  6AE 
UK 
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NOTATION 

cr 

root  chord 

Cp  steady  pressure  coefficient 

Cp  complex  pressure  coefficient 

R(C  )  real  part  of  C 

r  r 

I (Cp)  imaginary  part  of  Cp 

f  frequency  (Hz) 

k  frequency  parameter  fircr/U 

M  free  stream  Mach  number 

M  local  external  Mach  number 

e 

Re  Reynolds  number  based  on  free  stream  conditions  and  root  chord 

0  free  stream  velocity 

a  angle  of  incidence 

6q  flap  amplitude  in  streamwise  direction  (see  Note  below) 

boundary-layer  displacement  thickness  at  hinge  line 

4*  boundary-layer  displacement  thickness  at  wall 

n  dimensionless  cpanwise  coordinate  y/s 

A  sweepback  angle 

t  dimensionless  chordwlse  coordinate  (fraction  of  local  chord) 

6  phase  angle  of  pressure  with  rospect  to  flap  motion 


♦ 


NOTE:  For  consistency  with  the  standard  notation  suggested  by  Bland,  the  symbol  4 
represents  the  flap  deflection  angle  measured  streamwise.  In  Refs  6.1  to  6.3,  which  give 
other  information  about  the  teats,  the  symbol  «  represents  the  flap  deflection  measured 
normal  to  the  hinge  line,  thus 


(4,  as  used  here)  *»  (4  of  Refs)  *  cos 

■  (4  of  Refs)  *  0.691  . 


where  A^  »  27.05° 


<Cp/4,  as  used  here)  -  <Cp/4  of  Refs)  *  1.122  . 
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0.85  3.23  Steady 


Table  6.1 

SUMMARY  OP  DATA  GIVEN  AND  DATA  AVAILABLE 


<$q  a  n  CT  or  Time- 

, .  .  ,■ ,  .  - - - -  data  dependent 

(deg)  (deg)  0>35  0>45  0>60  0>75  glyen  flow 


0.40  1.91  Steady 

0.0055  1.78 

0.50  1.71 

1 


0.65  2.78  Steady 

0. 0035~  1.75 

0.32  1.63 


0.80  3.14  Steady 


0.0029  I  1.75 


0.26  1.60 


0.0028  1.7S 


0.25 I  1.58 


Steady 

+1 

0 

-1 

0.0026 

1.76 

+1 

0 

“1 

0.24 

1.58 

♦1 

0 

"1 

Steady 

♦1 

0 

-1 

0.0036 

1.80 

♦1 

0 

-1 

0.23 

1.58 

♦l 

14 

B 

13~ 

A 

11 

A 

4 

A 

12 

A 

14 

B 

13 

A 

11 

A 

4 

A 

12 

A 

14 

/ 

15 

/ 

5 

/ 

U 

/ 

C 

~T$ 

8 

B 

5 

/ 

A 

16 

11 

C 

15 

9 

B 

5 

>1 

A 

16 

17 

6 

18 

C 

17 

C 

6 

C 

18 

C 

17 

C 

6 

C 

18 

Type  of  flowj  A  Subcritical 
B  Critical 
C  Supercritical 

Data  available)  1 
No  data  s  0 

Data  given)  / 

All  teatc  made  with  fixed  transition. 

Results  for  lower  surface  are  obtained  fro*  negative  lncldaucee. 
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DATA  SET  7 

NORA  MODEL.  OSCILLATION  ABOUT  A  SWEPT  AXIS 
by 

N.  C.  Lambourne  (formerly  with  RAE) 


INTRODUCTION 

This  Data  Set  relates  to  a  low-aspect-ratio  model  oscillating  as  a  rigid  body  about 
a  sweptback  axis  as  shown  in  Pig  7.1.  The  data  were  obtained  during  an  international 
cooperative  investigation  of  wind-tunnel  interference  on  unsteady  measurements*.  Compara¬ 
tive  measurements  were  made  in  four  different  tunnels  two  of  which,  the  NLR  High  Speed 
Tunnel  (HST)  and  the  ONERA  Modane  S2  tunnel,  were  large  in  comparison  with  the  model.  The 
results  from  those  tunnels  are  considered  to  be  free  of  large  interference  effects. 

The  numerical  data  included  here  correspond  closely  with  the  AGARD  CT  Cases  and  come 
mainly  from  the  HST  in  which  the  most  extensive  tests  were  made.  Where  nominally  identical 
conditions  were  tested  in  the  S2  tunnel,  the  corresponding  data  from  that  source  are  also 
included. 

Fig  7.2  and  Table  7.1  show  the  parametric  combinations  for  which  data  could  be  made 
available  if  required.  The  cases  for  which  data  are  included  here  are  detailed  in 
Table  7.2j  they  comprise  not  only  all  the  CT  Cases,  but  in  addition  a  low-frequency  (5  Hz) 
set  of  data  for  every  Mach  number  and  mean  incidence  combination  of  the  CT  Cases. 

Fig  7.1  and  Table  7.3  show  the  positions  at  which  the  steady  and  unsteady  pressures 
were  measured.  Because  no  steady  pressures  were  obtained  at  the  two  spanwise  positions 
at  which  the  oscillatory  pressures  were  measured,  direct  comparisons  between  unsteady  and 
zero-frequency  (k  =  0)  equivalents  are  not  possible.  However,  oscillatory  pressures  were 
measured  for  an  oscillation  frequency  of  5  Hz  (k  »  0.035)  and  it  is  considered  that  the 
in-phase  component  of  pressure  for  this  frequency  is  sufficiently  close  to  that  which 
would  be  obtained  for  a  quasi-steady  condition,  k  •*  0. 

For  the  unsteady  measurements,  attention  was  directed  mainly  to  the  upper  surface 
(the  extrados,  denoted  throughout  by  E)  whilst  only  a  few  measuring  positions  were 
provided  at  the  lower  surface  (the  intrados  denoted  by  X). 

It  should  be  noted  that  the  measured  steady  pressures  are  not  expressed  as  pressure 
coefficients  Cp  ,  but  as  local  Mach  numbers  .  Also  the  oscillatory  pressures  have 

not  been  aonverted  from  their  original  form  of  R  and  I  ,  the  real  and  imaginary  compo¬ 
nents  non-dimonaionalised  using  tunnel  total  pressure,  and  not  dynamic  pressure.  Multiply¬ 
ing  factors  for  the  conversion  of  these  quantities  to  the  more  usual  C'/0Q  and  C"/0Q 
ore  included  in  the  tables.  p  p 

Mode  of  oscillation 

The  oscillation  Imposed  on  the  model  was  basically  rigid-body  rotation  about  the 
axis  shown  in  Fig  7.1.  The  motion  was  defined  by  the  output  of  a  transducer  attached  to 
the  driving  shaft  rigidly  fixed  to  the  root  of  the  model.  The  transducer  output  was 
calibrated  to  read  angular  displacement  0  in  a  strcomwlse  plane  parallel  to  the  plane 
y  •  0.  The  oscillatory  signal,  8  «  Sj  sin  wt  ,  acted  as  a  phase  and  amplitude  reference 

for  ail  the  other  oscillatory  quantities. 

Due  to  model  flexibility,  there  were  slight  departures  from  the  design  mode  of  rigid- 
body  motion,  and  these  differences  tended  to  increase  with  oscillation  frequency.  Informa¬ 
tion  about  the  actual  motion  was  obtained  from  the  six  accelerometers  installed  within  the 
model  as  shown  in  Fig  7.1  and  detailed  in  Table  7.4. 

Because  displacements  deduced  from  accelerometers  tend  to  be  unrealiablo  for  low 
frequencies,  no  measurements  were  made  for  5  Ur.  However,  for  this  frequency  it  can  be 
confidently  concluded  that  the  differences  between  the  actual  motion  and  the  doslgn  mode 
were  negligible. 

For  the  40  Us  tests  corresponding  to  the  CT  Cases,  the  complex  amplitudes  of  the 
normal  displacements,  z  ,  at  each  of  the  accelercmetor  positions  ore  given  in  Tabic  7.5, 
The  severity  of  the  departures  from  the  doalgn  mode  is  move  readily  appreciated  from 
Table  7.6  which  gives,  for  the  three  spanwise  positions  containing  accelerometers,  local 
pitching  and  wing  bending  (u?  the  rotation  about,  and  the  normal  displacements  of,  the 
design  axis)  as  deduced  on  the  basis  that  each  chordwlse  section  remains  rigid.  Not  sur¬ 
prisingly,  the  deformations  in  twist  and  banding  tend  to  increase  with  spanwise  position. 


*  The  letters  of  the  acronym  NORA  refer  to  the  names  of  the  organisations  involved: 
NLR,  ONERA,  RAE  and  AVA  (a  branch  of  UFVLR) . 
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The  bending  deformation  if  it  were  exactly  in  phase  with  the  pitching  motion  would 
simply  amount  to  a  small  change  in  the  local  position  of  the  pitching  axis.  A  few  theore¬ 
tical  calculations  made  at  the  time  of  the  experiments  to  examine  the  effect  of  changes 
of  axis  position  on  the  unsteady  aerodynamics  showed  that  the  measured  amount  of  super¬ 
imposed  bending  motion  for  40  Hz  is  not  likely  to  produce  significant  contributions  to  the 
oscillatory  pressures. 

With  regard  to  the  effects  of  the  twisting  deformation  of  the  model,  it  can  be 
inferred  from  Table  7.6  that  the  actual  pitching  motion  at  the  sections  n  =  0.524  and 
0.712,  where  the  unsteady  pressures  were  measured,  has  (1)  an  amplitude  rather  larger 
than  the  reference  eQ  and  (2)  a  small  phase  lead.  The  phase  lead  is  never  larger  than 

4°  and  its  effect  is  probably  negligible  within  the  general  accuracy  of  the  measurements. 
Since  no  corrections  for  the  model  deformations  have  been  applied  to  the  tabulated  data, 
which  are  normalised  using  the  reference  8q  ,  the  increase  in  pitching  amplitude  at  the 

unsteady  measuring  sections  suggests  that  a  user  of  the  40  Hz  data  would  be  justified  in 
reducing  the  values  of  the  normalised  quantities  R  and  I  by  a  few  percent. 

No  numerical  data  for  60  Hz  are  presented  here  but  could  be  made  available  if 
required.  For  this  frequency  the  bending  motion  of  the  wing  is  larger  than  for  40  Hz, 
and  without  an  analysis  it  is  not  possible  to  conclude  that  its  effect  is  insignificant. 

In  the  absence  of  such  analysis,  the  60  Hz  data  should  be  regarded  as  only  qualitatively 
relating  to  the  design  mode  of  motion. 

Steady  flow 

The  steady  flow  at  the  upper  surface  can  be  inferred  from  the  distributions  of  M_ 
shown  in  Figs  7.3  to  7.6. 

When  the  incidence  is  near  to  zero,  for  all  M  ,  there  is  a  small  region  of  high 
suction  and  a  recompression  situated  close  to  the  leading  edge.  With  increase  of  incidence, 
for  each  subsonic  M  the  high  suction  region  extends  backwards  over  the  chord  and  is  ter¬ 
minated  by  a  steep  pressure  gradient  -  the  forward  recompression.  For  higher  subsonic  M 
this  is  followed  by  another  expansion  region,  which  for  M  =  0.95  is  terminated  by  a  shock 
wave  -  the  rear  shock,  aft  of  mid-chord.  The  three-dimensional  nature  of  the  flow  when  the 
model  is  at  incidence  can  be  seen  in  the  isomachs  of  Fig  7.7. 


Whereas  there  is  no  doubt  about  the  existence  of  the  rear  shock,  the  exact  nature  of 
the  flow  over  the  more  forward  part  of  the  chord  is  not  absolutely  clear.  Although  for 
some  of  the  test  conditions  the  local  Mach  numbers  in  this  forward  region  are  supersonio, 
it  is  not  obvious  that  the  forward  recompression  involves  a  shock  wave.  Certainly  there 
is  no  possibility  of  a  shock  wave  for  M  =  0.80  even  at  the  highest  incidence.  It  is  there¬ 
fore  important  to  note  that  the  general  shape  of  the  forward  recompression  remains 
essentially  the  same  as  M  is  increased  up  to  its  highest  subsonic  value  M  =■  0.95. 
Furthermore,  the  high  angle  of  sweepback  of  the  Isomachs  in  the  forward  recompreasion 
region,  as  seen  in  Fig  7.7,  suggests  that  a  shock  wave  will  not  be  present.  Instead  it  is 
probable  that  for  much  of  the  incidence  rango  and  for  all  subsonic  Mach  numbers,  a  leading- 
edge  separation  vortex  extends  across  the  upper  surfaue. 


Influence  of  incidence  on  the  oscillatory  pressures 


An  example  of  the  influence  of  moan  incidence  on  the  oscillatory  pressures  for 
M  <•  0.90  is  shown  in  Fig  7.8  which  gives  results  for  the  upper  surface  (E)  at  sections  2 
and  4  and  for  the  lower  surface  (I)  at  section  2.  It  is  the  upper  surface  that  is  most 
affected  by  increasing  positive  incidence,  the  lower  surface  tending  to  retain  the  pattern 
it  has  for  the  non-lifting  condition.  Also,  whereas  for  a  non-lifting  condition  the  dis¬ 
tributions  for  the  two  spanwiso  positions  are  basically  similar,  with  increase  of  incidence 
the  characteristics  for  the  upper  surface  become  more  three-dimensional  and  the  loading- 
edge  peaks  in  R(X)  and  I(X)  move  to  the  rear  and  broaden.  Those  changes  aro  doubtless 
related  to  the  rearward  displacement  with  Incidence  of  the  steady-flow  recompression  region, 
as  already  seen  in  Fig  7.4.  For  a  *  3°  ,  R(X)  and  I(X)  at  section  2E  each  consists 

of  a  loading-edge  peak  followed  by  several  subsidiary  peaks  or  •crinkles',  lying  ahead  of 
the  roar  shock  peak  which  la  situated  at  about  554  chord.  With  further  increase  of  inci¬ 
dence  to  ••  5°  ,  the  crinkles  Havo  almost  disappeared  and  have  boon  replaced  by  a  more 

regular  distribution  of  forward  and  roar  peaks,  It  would  seem  that  this  evolution  Is 
associated  with  successive  stages  in  the  development  locally  of  high  subsonic  and  eventually 
supersonic  flow. 


At  section  4E  with  increase  of  incidence,  R(X)  becomes  negative  over  nearly  all 
of  the  rearward  half  of  the  chord.  At  the  highest  incidence,  a  «  5°  ,  the  forward  peak 

extends  over  much  of  the  fore-chord  as  a  result  of  the  fanning-out  of  the  forward  recoin- 
pression,  possibly  associated  with  the  separated  vortex  flow  suggested  previously. 

Influence  of  oscillation  frequency 


The  effects  of  changing  oscillation  frequency  are 
each  of  the  CT  combinations  of  H  and  a„  in  Figs  7.9 

w 

cases,  Figs  7.9  to  7.12,  results  are  shown  for  section 
Figs  7,13  to  7. IS,  results  aro  shown  for  both  sections 


shown,  at  least  qualitatively,  for 
to  7.15,  For  the  non-lifting 

2B  only}  for  the  lifting  cases, 

2E  and  4B  . 


7-3 


Changing  frequency  is  generally  expected  to  affect  the  imaginary  component  and  phase 
angle.  For  the  non-lifting  cases  the  frequency  effects  on  the  real  component  are  not 
large  when  the  flow  is  either  completely  subsonic  (Fig  7.9  for  M  =  0.8)  or  completely 
supersonic  (Fig  7.12  for  M  =  1.10).  Greater  sensitivity  to  frequency  appears  in  both  real 
and  imaginary  components  where  the  local  flow  is  close  to  sonic  (Fig  7.10  for  M  =  0.9,  near 
mid  chord)  or  in  the  vicinity  of  the  rear  shock  wave  (Fig  7.1‘2  for  M  =  0.95). 

For  the  lifting  cases  (Figs  7.13  to  7.15)  the  real  and  imaginary  components  show  con¬ 
siderable  changes,  not  only  at  the  rear  shock  wave,  but  also  at  the  forward  peaks. 

Sensitivity  to  small  changes  in  M  and  am 

When  comparisons  between  experimental  and  computational  results  are  being  made,  it 
is  helpful  to  be  aware  of  the  sensitivity  to  small  variations  in  the  parameters  and  of  the 
uncertainties  in  the  measurements.  For  the  present  model  with  sonic  or  near-sonic  flow  the 
real  and  imaginary  distributions  R(X)  and  l(X)  are  sensitive  not  only  to  frequency  but 
also  to  small  changes  of  M  and  am  . 

As  shown  in  Fig  7.2  the  tests  for  the  mean  conditions  M  =  0.90,  =  4°  and  M  =  0.95, 

=  4.75°  corresponding  to  CT  Cases  5  and  7  or  8  are  each  surrounded  by  eight  neighbouring 

test  cases  with  small  differences  in  M  and  a  .  It  is  from  these  matrices  of  tests  that 
information  on  sensitivity  can  be  obtained. 

Fig  7.16  shows  for  the  initial  condition  M  =  0.90,  =  4°,  the  separate  effects  of 

making  changes  of  ±0.2°  in  om  and  ±0.01  in  M  .  whilst  the  forward  peaks  in  R(X)  and 

I (X)  show  some  sensitivity  to  the  incidence  change,  it  is  the  rear  peaks  that  show  most 
sensitivity  to  the  Mach  number  change.  The  increase  from  M  =  0.89  to  M  =»  0.90  changes  the 
mid-chord  crinkles  to  a  distribution  with  well-defined  peaks.  A  further  increase  to 
M  =>  0.91  displaces  the  peaks  to  the  rear. 

For  the  initial  condition  M  «  0.95,  =  4.75°  the  distributions  are  relatively 

insensitive  to  incidence  changes  of  0.25°,  but  quite  sensitive  to  the  Mach  number  changes 
of  ±0.01  as  shown  in  Fig  7.17.  The  distributions  for  section  2E  demonstrate  an  important 
point!  when  a  peak  has  become  very  sharp,  it  may  just  be  detectable  from  only  a  single 
point,  as  for  M  =■  0.95,  or  may  even  be  'lost*  between  measuring  positions  as  we  believe 
has  happened  for  M  =  0.96,  Section  4E  show?  a  highly  sensitive  negative  peak  in  R(X)  . 

Figs  7.18  and  7.19  may  be  of  special  interest  when  assessing  the  significance  of 
any  differences  between  computational  and  experimental  data.  They  show  the  measurements 

corresponding  to  the  40  Hz  CT  Cases  for  M  «  0.90,  a  »  4°  and  M  »  0.95,  o  -  4.75°  within 

ro  in 

envelopes  that  enclose  all  the  data  measured  for  the  surrounding  test  matrices*  It  is 
suggested  the  envelopes  could  bo  a  help  in  deciding  on  the  toicrancos  to  bo  accepted  when 
judging  the  results  of  computations. 


For  CT  Cases  1,  4  and  6,  as  seen  in  Table  7.2,  numerical  data  obtained  in  the  ONERA 
S2  tunnel  are  included  for  comparison  with  tho  data  obtained  from  the  main  source,  the 
(1ST  of  NLR.  For  the  oonditions  M  ■  0.90,  •  4°  and  M  ■  0.95,  «m  *  4.75°  corresponding 

to  CT  Cases  5  and  7  no  measurements  are  available  from  the  S2  tunnel.  However  compari¬ 
sons  between  the  two  tunnels  ure  available  for  the  two  nearby  conditions,  M  »  0.90, 
a_  »  5°  and  N  <*  0.95,  a,  *•  5°  and  are  shown  in  Figs  7.20  and  7.21.  It  must  be  emphasised 

ffi  flf 

that  the  results  from  both  tunnels  were  obtained  using  the  same  techniques  and  with  the 
same  instrumentation,  so  that  f^ora  these  comparisons  it  is  impossible  to  draw  conclusions 
about  any  uncertainties  arising  from  the  instrumentation  itself.  The  comparisons  do  how¬ 
ever  give  some  Idea  of  the  likely  spread  in  the  data  from  items  such  as  tunnel  inter¬ 
ference,  the  character  of  the  tunnel  flow  and  the  consistency  of  the  parameter  settings. 


Since  the  results  from  the  two  tunnels  are  regarded  as  having  equal  'weight',  a 
theoretical  result  which,  when  compared  with  the  results  from  one  tunnel,  shows  similar 
discrepancies  to  those  in  Figs  7.20  and  7,21  could  be  regarded  as  being  in  general  agree¬ 
ment  with  experiment. 


1  GENERAL  DESCRIPTION  OF  MODEL 
i . t  Designation 

1 . 2  Type 

1.3  Derivation 

1.4  Additional  remarks 


NORA  model 
Half  model 

Horizontal  tail  surface  of  Mirage  fi 


1.5  References 


Ref  7.1 


MODEL  GEOMETRY 

2.1  Planform 

2.2  Aspect  ratio 

2.3  Leading-edge  sweep 

2.4  Trai ling-edge  sweep 

2.5  Taper  ratio 

2.6  Twist 

2 . 7  Root  chord 

2.8  Span  of  model 

2.9  Area  of  planform 

2.10  Location  of  reference 
sections  and  definition  of 
profiles 

2.11  Lofting  procedure  between 
reference  sections 

2.12  Form  of  wing-body,  or  wing- 
root  junction 

2.13  Form  of  wing  tip 

2.14  control  surface  details 

2.15  Additional  remarks 

2.16  References 

WIND  TUNNELS 

3.1  Designation 

3.2  Type  of  tunnel 

3.3  Test  section  dimensions 

3.4  Typo  of  roof  and  floor 

3.5  Typo  of  side  walls 

3.6  Ventilation  geometry 

3.7  Thickness  of  side  wall 
boundary  layer 

3.8  Thickness  of  boundary 
layers  at  roof  and  floor 

3.9  Method  of  measuring  Mach 
number 


For  the  actual  model,  see  Fig  7.1.  For  the 
computational  model,  see  Ref  7.2  for  modififed 
planform  with  streamwise  tip 

2.01 

50° 

13°  26 ' 

0.3515  (for  the  computational  model) 

None 
650  mm 
442.5  mm 

2 

0.1944  m  (for  the  computational  model) 

The  profile  is  based  on  the  symmetric  NACA 
63006  modified  to  a  thickness  ratio  of  about 
5%  and  with  a  small  updroop  near  the  nose. 

For  details  of  actual  model,  see  Figs  45  and 
46  of  Ref  7.1.  For  the  computational  model, 
see  Ref  7.2 

Clearance  between  root  and  tunnel  wall.  Small 
fillet  attached  to  model  to  cover  shaft  aper¬ 
ture,  see  Fig  4a  of  Ref  7.1 

Actual  model i  sharp 
Computational  model:  square  cut 

None 


Refs  7.1,  7.2 


HST:  NLR  High  Speed  Tunnel  ((1ST) 

32:  ONERA  Nodano  S2 

HST:  Continuous,  variablo  pressures 
S2:  Continuous,  variable  pressure 

HST:  Height  ■  1.60  m,  width  «  2.00  m, 

' length  *■  2.50  m 

82:  Height  -  1.77  m,  width  •  1,75  m, 

length  •  5.40  m  (of  perforated  part) 

USTt  Slotted,  each  having  feur  whole  slots  and  a 
S-slot  at  each  corner 

S2s  Perforated  plates,  with  holes  inclined  60°  to 
the  normal.  Each  plate  is  backed  by  a  per¬ 
forated  sheet  which  can  be  slid  to  vary 
porosi ty 

HST:  Solid 
S2 :  Solid 

HST i  Roof  and  floor  arc  >21  open 
S2t  Porosity  of  roof  and  floor  chosen  according  to 
Mach  number.  14  open  for  M  -  0.80  and 
N  -  1.10:  64  open  for  M  -  0.9  and  H  •  0.95 

USTi  7  mm  approximately 
32:  90  to  170  am 

HST:  - 
S2:  - 

UST:  Derived  from  settling  chamber  stagnation  and 
plenum  chamber  static  pressures 
S2s  - 


3.10  Plow  angularity 


UST: 

S2  j 


I 
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;  I 

1 

3.11 

Uniformity  of  Mach  number 
over  test  section 

HST: 
S2 : 

AM/Ax  =  ±3  x  1C-3  m_1  for  0.70  <  M  <  0.92 

1 

1 

1 

3.12 

Sources  and  levels  of 
noise  or  turbulence  in 
empty  tunnel 

HSTs 

S2: 

Less  than  1%  in  rms  p/q  for  M  =  0.8 

Velocity  turbulence:  0.2% 

1 

!  , 

3.13 

Tunnel  resonances 

HST: 

S2: 

[  No  evidence  of  resonance  in  present  tests 

| 

3.14 

Additional  remarks 

HST: 

S2: 

Information  about  flow  angularity  and  Mach 
number  uniformity  available  only  along  test 
section  centre-line 

Accuracy  of  Mach  number,  AM  =  i 0.001 

i 

3.15 

References  on  tunnel 

HST: 

S2: 

Ref  7.3 

Refs  7.4,  7.5,  7.6 

i 

i 

i  ; 

4  MODEL 

MOTION 

\ 

4.1 

General  description 

Rigid-body  oscillation  about  swept  axis  shown 
in  Fig  7.1.  Sinusoidal  in  time 

i 

i 

{  i 

4.2 

Reference  coordinate  and 
definition  of  motion 

Rotation  e  =  6q  sin  wt  measured  in 
streamwise  plane  y  =  0  at  the  root 

* 

4.3 

Range  of  amplitude 

0.25°  <  80  <  1.00° 

i  * 

4.4 

Range  of  frequency 

Standard  frequencies  for  main  data:  5,  40  and 
60  Hz.  A  few  special  tests  at  other  frequen¬ 
cies  up  to  95  Hz,  see  Ref  7.1 

4.5 

Method  of  applying  motion 

Forced  by  hydraulic  rotary  actuator 

\ 

4.6 

Timewise  purity  of  motion 

Purity  of  sinusoid  considered  to  be  adequate 

4.7 

Natural  frequencies  and 
normal  modes  of  model  and 
support  system 

Lowest  natural  frequency  of  system:  torsion 
of  drive  shaft  at  100  Hz  approximately 

! 

] 

1 

4.8 

Actual  mode  of  applied  motion 
including  any  elastic 
deformation 

See  Introduction  and  Tables  7.5  and  7.6 

'  V 
s  ,  • 

4.9 

Additional  remarks 

- 

5  TEST 

CONDITIONS 

i 

5.1 

Model  planform  area/ 
tunnel  area 

UST: 

S2i 

0.06 

0.06 

• 

5.2 

Model  span/tunnel  width 

tISTi 

52: 

0.22 

0.25 

5.3 

Blockage 

UST: 

52: 

1 0.31  for  zero  incidence 

5.4 

Position  of  model  in 
tunnel 

HST: 

52: 

Standard  side-wall  position 

Standard  wall  mounting  position 

5.5 

Range  of  Mach  number 

UST: 

52: 

0.60  <  M  <  1.10,  see  Table  7.1 

0.80  <  H  <  0.95 

i  * 

5.6 

Range  of  tunnel  total 
pressure 

0.46  <  pt  <  0.9  bar,  see  Table  7.1 

S.7 

Range  of  tunnel  total 
temperature 

UST: 

52: 

30°C  <  Tft  <  38°C 

18°C  <  20°C 

t 

v. 

5.6 

Range  of  model  steady, 
or  mean,  incidence 

UST: 

52: 

0.5°  <  <  5.0° 

-1.0°  <  a*  <  5.0° 

m 

i 

i 

1 

5.9 

Definition  of  model 
incidence 

Chord  line  of  basic  symmetrical  section  was 
datum  for  incidence 

| 

5.10 

Position  of  transition. 

If  fm 


! 


5.11 

Position  and  type  of  trip,  if 
transition  fixed 

Metal  tapes  with  'coronets'  about  0.09  mm 
high  fixed  at  5*  local  chord  on  both  surfaces 

5.12 

Flow  instabilities  during 
tests 

None  encountered 

5.13 

Changes  to  mean  shape  of 
model  due  to  steady  aero¬ 
dynamic  load 

Not  measured,  but  considered  negligible 

5.14 

Additional  remarks 

- 

5.15 

References  describing  tests 

Ref  7.1 

MEASUREMENTS  AND  OBSERVATIONS 

6.1  Steady  pressures  for  the  mean  conditions 

6.2  Steady  pressures  for  small  changes  from  the  mean  conditions 

6.3  Quasi-steady  pressures 

6.4  Unsteady  pressures 

6.5  Steady  section  forces  for  the  mean  conditions  by  integration 
of  pressures 

6.6  steady  section  forces  for  small  changes  from  the  mean  conditions 
by  integration 

6.7  Quasi-steady  section  forces  by  integration 

6.8  Unsteady  section  forces  by  integration 

6.9  Measurement  of  actual  motion  at  points  on  model 

6.10  Observation  or  measurement  of  boundary  layer  properties 

6.11  Visualization  of  surface  flow 

6.12  Visualization  of  shook  wave  movements 

6.13  Additional  remarks 

INSTRUMENTATION 
7.1  steady  pressure 


7.1.1 

Position  of  orifices 
apanwiso  and  chordwise 

See  Pig  7.1  and  Table  7.3 

7.1.2 

Type  of  measuring  system 

Orifices  connected  by  tubes  to  conventional 
tunnel-based  system 

2  Unsteady  pressures 

7.2.1 

Position  of  orifices 
spanwise  and  ehordwise 

See  Pig  7.1  and  Table  7.3 

7,2,2 

Diameter  of  orifices 

0.9  mm 

7.2.3 

Type  of  measuring  system 

Each  orifice  closely  connected  to  its  own 
transducer  Installed  within  model 

7.2.4 

Type  of  transducers 

Xulite  XCQL  093 

7.2.5 

Principle  and  accuracy  of 
calibration 

Daily  calibration  using  portable  oscillatory 
pressure  generator.  Accuracy  probably  a  few 
percent 

.3  Model  motion 

7.3.1 

Method  of  measuring  motion 
reference  coordinate 

Rotary  potentiometer  attached  to  drive  shaft, 
calibrated  to  give  deflection  4 

7.3.2 

Method  of  determining 
Spatial  mode  of  aotion 

Six  accelerometers  installed  within  model; 
see  Fig  7.1  and  Table  7,4 

7.3.3 

Accuracy  of  measured 
motions 

Resolution  of  9  ,  about  0.01°.  Accelerometers 
readings ,  accurate  to  a  few  percent 

/ 

- 

J 

(5Hz) 

/ 

/ 

- 

/ 

(5Hz) 

/ 

/ 

- 

- 
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7.4 

Processing  of  unsteady 
measurements 

7.4 

.1  Method  of  acquiring  and 
processing  measurements 

Pressure  and  accelerometer  signals  processed 
sequentially  in  groups  by  ten  parallel 
channels.  Each  channel  consisted  of  analogue 
circuitry  giving  output  voltages  proportional 
to  Fourier  fundamental  components.  Output 
voltages  digitized  and  fed  to  computer  for 
conversion  to  coefficients,  display  and 
disc-storage 

7.4 

.2  Type  of  analysis 

Components  in  phase  and  in  quadrature  with  8, 
averaged  over  8  seconds 

7.4 

.3  Unsteady  pressure  quanti¬ 
ties  obtained  and 
accuracies  achieved 

Fundamental  harmonic  coefficients  of  pressure 
accurate  to  a  few  percent.  Chordwise  integra¬ 
tion  to  give  section  lift  and  moment  contribu¬ 
tions  from  upper  and  lower  surfaces,  but 
accuracy  low  because  of  wide  spacing 

7.4 

.4  Method  of  integration  to 
obtain  forces 

Polygonal  summation,  see  Appendix  C  of  Ref  7.: 

7.5 

Additional  remarks 

- 

7.6 

References  on  techniques 

- 

DATA 

PRESENTATION 

8.1 

Test  cases  for  which  data 
could  be  made  available 

Table  7.1 

8.2 

Test  cases  for  which  data  are 
included  in  this  document 

Table  7.2 

8.3 

Steady  pressures 

Tables  7.7  tc  7.13 

8.4 

Quasi-steady  or  steady 
perturbation  pressures 

Data  for  5  Hz  in  Tables  7.14  to  7.27 

8.5 

Unsteady  prossurea 

Tablos  7.14  to  7.30 

8.6 

Steady  forces  or  moment e 

Net  included 

8.3 

Quasi-steady  or  steady 
perturbation  forces 

Not  included 

8.8 

Unsteady  force?  and  moments 

Not  Included 

8.9 

Other  forms  in  which  data 
could  be  made  available 

Unsteady  presavr^s  measured  at  tunnel  toot 

8.10 

References  giving  other 
presentations  of  data 

Ref  7.1 

\  * 
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COMMENT  OK  DATA 


9.1  \c<suracy 
9 .  t .  *  Nach  nui»4jnr 

9.1.2  Steady  incidence 

9.1.3  Reduced  frequency 

9.1.4  steady  pressure 
coefficients 

9.1.$  steady  pressure  derivatives 

9.1.6  Unsteady  pressure 
ct-af  fictcnts 


9.2  sensitivity  to  mall  changes 
of  parameter 

9.3  Kon-llnearitles 


9.4  Influence  of  tunnel  total 
pressure 


*0.00$ 

*0.01° 

ttettex  than  ? 21  of  noaioal  values  due  to 
temperature  variations 

to  iO.oos  : ;  ■ 


The  uncertainties  In  the  coefficients  R  end  j 
are  probably  *i0.02  *  -  «Hur»  3  »  {Si 

or  ?i,i  - 

See Production  and  1'lgs  ?.i$  to  2.19 


Normalised  pressure  coefficients  not  sensitive 
:"t*  oscillation  amplitude  except  for  positions 
ncer  -he  leading  edge  or  a  shook  wave 

Effect a  of  Reynolds  number  not  examined 


9.5 

Effects  on  data  of 

Not  large  for  5  Hz  and 

40  Hz.  See  Introduction 

uncertainty,  or  variation,  in 
mode  of  model  motion 

and  Tables  7.5  and  7.6 

9.6 

Wall  interference  corrections 

No  corrections  applied 

to  any  data.  Values  of 

M  and  a  are  tunnel 
m 

settings 

9.7 

Other  relevant  tests  on 
same  model 

- 

9.8 

Relevant  tests  on  other  models 
of  nominally  the  same  shape 

- 

9.9 

Any  remarks  relevant  to 
comparison  between  experiment 
and  theory 

— 

9.10 

Additional  remarks 

- 

9.11 

References  on  discussion  of 
data 

Ref  7.1 

10  PERSONAL  CONTACT  FOP.  FURTHER  INFORMATION 

Mr  B.L.  Welsh,  Royal  Aircraft  Establishment,  Bedford  MK41  6AE,  England  (or,  if 
convenient,  any  of  the  authors  of  Ref  7.1). 
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H5T  of  NLR  (revised  edition)  (1977) 

7.4 

N.  Fierro 

G.  Fasao 

The  aerodynamic  test  center  of  Modane  Avrieux. 

ON ERA  Technical  Note  166E  (1972) 

7.5 

M,  Pierre 

G.  Fasso 

Exploitation  du  centre  d'essai  aerothoraodynamique  da  Modane  Avrieux. 
ONERA  Koto  Technique  181  (1971) 

7.6 

V.  Schmitt 
t\  Charpln 

Experimental  data  base  for  computer  program  assessment. 

AGARD  AR  138,  pp.Bl-1  to  Bl-44  (1979) 
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NOTATION 

General 

c 

local 

chord 

e 


r 


yv  yeo 

E 

f 

x 

x 

lit ) 

k 

M 


root  chord 

normalised  fundamental  in-phase  and  in-quadrature  components  of  oscilla¬ 
tory  pressure,  reapeetitfoly  p'/q-tg  ana  p"/q«0  {rad*4} 

as  in  2E,  4E,  denotes  gx  trades,  or  upper  surface 

oscillation  frequency  ills) ,  u/2» 

as  in  2t,  41,  denotes  ir.tr ados,  or  l.owor  surface 

normalised  fundamental  in-quadrature  component  of  pressure,  -pVp^g 

chordwise  distribution  of  X 
reduced  frequency,  ec t/3V 
stream  Mach  number 


local  Mach  number  at  surface  of  model 


Ml  =  js  [(P/Pt}~2/7  -  i]j'1/2 


*LB(y> 


pressure 

stream  total  pressure 

fundamental  components  of  pressure  respectively  in  phase  and  in  quadrature 
with  oscillatory  motion  8 

stream  dynamic  pressure 

normalised  fundamental  in-phase  component  of  pressure  -p'/p^Sq  (rad-1) 
chordwise  distribution  of  R 
span  of  model 
time 

stream  total  temperature 
stream  velocity 

coordinates  in  plane  of  model,  see  Fig  7.1 
coordinate  of  local  leading  edge 
local  chordwise  position  of  oscillation  axis 
local  chordwise  position,  £ 
upward  displacement  normal  to  plane  of  model 
incidence  of  model  (deg) 
steady,  or  mean,  incidence  (deg) 
non-dimensional  apanwise  position,  y/s 

coordinate  for  specifying  angular  oscillatory  motion,  positive  nose  up, 
measured  in  planes  parallel  to  plane  y  °  0  .  Reference  at  drive  shaft 
0  =  8q  sin  et  (deg) 

reference  amplitude  of  motion,  identical  to  oQ  of  Ref  7.2  (deg) 
non-dimensional  chordwise  position,  (x  -  xT„)/a 
oscillation  frequency  (rad-1) 


Chordwise  sections  are  identified  QE  ...  6E  and  OX  ...  61  >  see  Table  7.3  for  positions. 
Tables  7.7  to  7,13 

MLOC  local  Mach  number,  M^ 

EXTR  extrados  =  upper  surface 

INTR  intrados  =  lower  surface 


Tables  7.14  to  7,30 

PRESSURE  stream  total  pressure,  pt 

The  factor  (C^/R)  =  (C£/I)  ,  whose  value  F  is  given  at  the  head  of  each  table  can  be 
used  to  obtain  /0q  and  ,  but  note  that  a  change  of  sign  is  required,  thus: 

Cp/°0  "  -  R  *  F 

cyo0  -  -  I  X  F  . 

Figures  7.8  to  7.12 
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Table  7.2 

DETAILS  OF  EXPERIMENTAL  CASES  FOR  WHICH  DATA  ARE  INCLUDED 


Oscillatory  pressures 


*  Denotes  CT  priority  case. 


Section 


y/a 


Pressures 


0.133 


Steady 


.0125 
.025 
.05 
0.10 
.22 
.30 
0.40 
0.62 
0.75 
0.90 


0.0125 

0.025 

0.05 

0.10 

0.22 

.30 

0.40 

0.62 

0.75 

.90 


Table  7.3 

POSITIONS  OF  PRESSURE  HOLES 


0.389 


Steady 


Unsteady  I  Steady  Unsteady 


0,786 


Steady 


0.895 


Steady 


I- 1  L 


Table  7.4 

POSITION  OF  ACCELEROMETERS  IN  RELATION  TO  X  (y)  THE  CHORDWISE  POSITION 

ct 

OF  THE  DESIGN  AXIS  OF  OSCILLATION 


Forward  position  (A) 

Rearward  position  (B) 

y/s 

Accel.  No. 

X  -  X. 

a  A 

(nm) 

Accel.  No. 

-  1 

0.169 

1 

260 

2 

180 

0.655 

3 

110 

4 

90 

0.931 

5 

55 

6 

48 

Table  7.5 

DISPLACEMENTS  DEDUCED  FROM  ACCELEROMETERS.  DISPLACEMENTS  Z'  AND  Z"  ,  MEASURED  IN  mm, 
ARE  RESPECTIVELY  IN-PHASE  AND  IN-QUADRATURE  COMPONENTS  PHASE  REFERENCED 
TO  DATUM  ANGULAR  DISPLACEMENT  8 

Note:  These  are  taken  from  Ref  7.1  but  a  change  of  sign  has  been  applied  throughout 


n  3 

0.169 

- - 

n  - 

0.655 

n  • 

0.931 

Test 

No. 

Accel.  No.) 
(A) 

_ 

Accel.  No. 2 
(B) 

Accel.  No, 3 
(A) 

Accel.  No. 4 
(B) 

Accel.  No. 5 
(A) 

Accel.  No. 6 
(B) 

n 

ZA 

ZB 

z" 

B 

ZA 

*> 

z; 

z" 

B 

Zk 

ZB 

Zk 

7U 

O 

2010 

2.322 

0.086 

-1.602 

-0.038 

1.148 

0.072 

-0.672 

0.027 

0.753 

0.089 

-0.21! 

0.084 

2014 

2.305 

0.125 

-1.570 

-0.080 

1.184 

0.083 

-0.598 

-0.009 

0.847 

0.077 

- 

0.056 

2029 

2.314 

0,104 

-1.614 

-0.058 

1.116 

0.073 

-0.708 

0.009 

0.709 

0.086 

-0.271 

0.056 

2035 

2.271 

0.150 

-1.567 

-0.100 

1,138 

0.089 

-0.639 

-0.023 

0.769 

0.080 

-0.153 

0.053 

2046 

2.297 

0.079 

-1.590 

-0.051 

1.130 

0.052 

-0.661 

0.009 

0.743 

0.061 

-0.209 

0.044 

2083 

2.282 

0.113 

-l .584 

-0.092 

1.124 

0.040 

-0.653 

-0.047 

0.756 

0.019 

-0.203 

-0.033 

2045 

2.323 

0.046 

-1.590 

-0.049 

1.173 

0.009 

-0.621 

-0.029 

0.802 

0.000 

-0.143 

-0,016 

Tablo  7,6 

LOCAL  DISPLACEMENTS  IN  PITCH  AND  NORMAL  TRANSLATION  OF  DESIGN  AXIS  (2,8^ 

PHASE  REFERENCED  TO  DATUM  8  «  i>0  sin  ut .  COMPLEX  QUANTITIES  On  AND  ARE  DERIVED 

FROM  TABLES  7.4  AND  7.S  ON  THE  BASIS  THAT  CHORDWISE  SECTIONS  DO  NOT  DEFORM,  THUS 

°n  “  UA  -  V/(xB  -  V  '  2n  "  *  VXa  ~  *A>]/<XD  “  V 


CT 

Saee 

n  “ 

0.169 

n  ■ 

0.655 

n  - 

0.931 

M 

a 

tt 

So, 

ao 

a 

(deg) 

e3 

(deg) 

2 

(« ») 

s 

(dig) 

0 

<A«|) 

K0 

(deg) 

Z 

(m) 

(deg) 

0 

(deg) 

*0 

(deg) 

Z 

(«tt) 

st 

(deg) 

1 

0.80 

0 

2010 

0.50 

0.51 

2 

0.01 

76 

0.52 

1 

0.15 

16 

0.54 

0 

0.25 

20 

2 

0.80 

4.0 

2014 

0.50 

0.50 

3 

0.01 

14 

0.51 

2 

0.21 

9 

'  - 

- 

- 

- 

4 

0.90 

0 

2029 

0.50 

0,51 

2 

0.01 

-49 

0.52 

2 

O.I2 

19 

0.55 

2 

0.20 

21 

5 

0.90 

4.0 

2035 

0.50 

O.S0 

4 

0.00 

- 

0.51 

m 

0.16 

n 

0.51 

2 

0.28 

13 

6 

0.95 

0 

2046 

0.50 

0.51 

2 

0.00 

- 

0.51 

I 

0.15 

H 

0.53 

1 

0.24 

12 

E§ 

0.95 

4.75 

2083 

0.48 

0.50 

a 

0.01 

-106 

o.st 

a 

0.15 

l 

0.54 

n 

0.24 

-2 

D 

1.10 

0.55 

2045 

0.50 

0.51 

n 

0.01 

-43 

0.51 

0.19 

D 

0.53 

n 

0.30 

-2 
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Section  4E 
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Section  21 


Fig  7.8  Oscillatory  pressures.  Influence 
of  Incidence,  M  *  0,90,  f  =  40  Hz 


Fig  7.9  Oscillatory  pressures,  M  =  0.00, 
am  »  0.  Influence  of  frequency. 

Section  2E 


Fig  7.10  Oscillatory  pressures,  M  =  0.90, 
ara  =  0.  Influence  of  frequency. 

Section  2E 


Fig  7.11  Oscillatory  pressures,  M  -  0.95, 
■  0.  Influence  of  frequency, 

Section  2E 
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♦  40Hz  S 
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Imaginary 


Phase 


Fig  7.12  Oscillatory  pressures,  M  =  1.10, 

»m  “  0.55°.  Influence  of  frequency. 

Section  2E 
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Fig  7.13  Oscillatory  pressures,  M  «  0.80, 
Influence  of  frequency 


(a)  Section  2E 


(b)Section  4£ 


Fig  7.14  Oscillatory  pressures,  M  =  0.90, 
aB  =  4°.  Influence  of  frequency 


Fig  7,15  Oscillatory  pressure,  M  »  0.95,  o  *  4.753. 
Influence  of  frequency 
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igl] 

SB 


I 


n 

*  * 


REPORT  DOCUMENTATION  PAGE 

1.  Recipient’s  Reference 

2.  Originator’s  Reference 

3.  Farther  Reference 

4.  Security  Classification 

of  Document 

AGARD-R-702 

ISBN  92-835-1430-0 

UNCLASSIFIED 

5.  Originate;  Advisory  Group  for  Aerospace  Research  and  Development 
North  Atlantic  Treaty  Organisation 
7  rue  Ancclle,  92700  Neuilly  sur  Seine,  France 


6.  Title 


COMPENDIUM  OF  UNSTEADY  AERODYNAMIC  MEASUREMENTS 


;  ?. Presented  at 

i 

i _ _ _  _ _ ___ 

[  8,  A«*l£or<s}/Editoi(V) 

Various 


1 0.  Author's/ Editor’s  Address 
Various 


12. Disuibudcu  Statement  Hiis  document  is  distributed  in  accordance  with  AGARD 

policies  and  regulations,  which  ore  outlined  on  the 
Outside  Back  Covers  of  all  AGARD  publications. 


1 2.  Keywords/ Descriptors 


Aerodynamic  characteristics 
Unsteady  flow 
Transonic  flow 
Aeroelastieity 


Aerodynamic  configurations 
Experimental  data 
Applications  oi  mathematics 


14,Ab*lract 


~  The  Compendium  Is  intended  to  assist  the  development  of  improved  methods  of  predicting 
transonic  Unsteady  aerodynamics  and  aeroelastie  response  by  collecting  the  known  unsteady 
aerodynamic  experimental  data  for  the  standard  AGARD  two-dimensional  and  three- 
dimensional  aeroelastie  configurations  published  in  AGARD  Advisory  Reports  1 56  and  1 67 
respectively. 

This  Report  was  sponsored  by  the  Structures  and  Materials  Panel  of  AGARD* 


7-  3 1 


t 

i 

i 


®  ffl  s 
{-<+-*  E 
o  «* , 
o  -O 


O  5  q  >»  o  ® 

•a  O  O  •»-»  .iS  cd  V) 

|  G  «  •§  S  •£  § 

w  *>.  O  <4  qj  ,2 

£$■§  J  £  EH 

■o  U  $>  13  T3  'C  “ 

2  |  e  8  S  a.  a 

<u  G  £  <u  o  x  °< 


fe  §  £  o  <5  x  °- 

<Dh«W< 


*o  u 

§  g 

< 

xs  Z 
Si  > 


3  S 

Di  w 


o  i-S  >. 

(ii  y  ti  p  *r? 

2  <d  w»  ^  ^3  > 

s.  ts  ,a  s  » | « 

o  C  s  «  .0  o 

'3  3  g  13  ?  3  o,  = 
S  .2  a  -g  §  -S  SS  2 

^  g  8  |  .E1- 

«  2  s.  H  "3  r-~ 


u  C  •— i 
5  £  jr?  £  g  m'O. 

!  ~  g  |  g  .2  Z 

1  si  Mi  s 

a  o.  i)  s  a 
o  o  k  3  Quo 
"a  £u7cif 

BJupee- 

■g a  -  sg 

sot^o  a 

•a * §  s  ss  a  & 

.a  ^  Si  2  <  J  “ 


o<8  <n 
'"'.  o  u,  % 

£ a§°£~ 

&$*l£  i 
^§ga58 

O  &  0.(1)  J3  4J  00 

slagfli 


■»  <2  k  a 

uj  U  o  O 

.59  0  «  « 


■li<=tll  a 
Itgilp 
f  sljUfl 
§ 8 I i g la 

<  D  £  <  ^  (3  < 


.  .a  0  «  «  .T;  ■«  < 

JU  £  -a  8  §  if 
-  |^8  S'!  I  til 
llilli-' 

■  J§Lafg 

.  (5*5 1 1 

1 . 1 

0  « 

*£  3 

If 

‘a  a  1 

S-3* 


•a  w 

5  I 


bd  fc‘ 

llSill 


nui*4 
&3  gas's-s 
|  1  “3  ■§  1 1 

J  |  1  §  „  S 

i s  rill- 

*|b5|$8 

mm* 

I®  s-fa-s  I 


EzKfl 


1  o  ^ 
S8s£2 


•»  o  *  m  rs  -a  ^ 

|11r*l| 

Hi  ill! 
III!1!! 


5  cssi 

J3  O  M 

a  >  %  ^  O  -a  o 

a  |  0.£  0  73  C/3 

6  c  C  -s  I  ~  c 

«J  s,o’^  3  5  .2 

g,  f  g  c§  g,  E  « 
■o  S  Sufl  g| 

O  ^  c  O  O  s  ^5 
u  22  c3  u  ^ 

«>  c  2  <u  «  x  a 

■*»*  *^»  rff*  fTl 


•5  I 

1  § 

S>  ■£ 

*5  f2  S 


«i  c  2  0  o  x  a 
O  H  <  <  W  < 


•O  u 

c  ss 


^  z 
y  >* 


5  efi 
os  w 


S  >r 

I  2 


E  4>  50  _  £  TJ  > 

Cl  C  i2  o>  £ 

o  §  *3  3  X  o 

■5  3  a 

S-g  8 


S.  8  s  •= 

•Sap,! 


I|^ 

♦-  C  4> 

.a  ? 

in 

S3  g 

«t3  *■* 


o  t  ^  a 

&g  s  »£ 

.EoS  — 
?5'So„ 


s  ID  S*2I<a;u^ 

2  g  ..  ■si.PiM; 

Z  •  ^a|S-8^ 


rs  %  — ' 

§  |a§M 

?  ilS-ill 

fi  a  §  S  w 

S  afr|Sg|§ 

S  INisis. 

■i  aliSafs 


|  o-S-aQ  0  g. 

•a  o  m  Si  S  *3 
gfitj  .  ^  0  £* 

sl!  1 1 1  i  < 

I  s  r3  s  4  a 
^slila. 


1  ii 

Jiw 

sag 

U  .  ^  8  t!  '■2 

,2  o  o  ^.y  "3  5 

1  c  u  :s  I  e  I 

I  >•  -a  §  S  K  a 
E-e  5  S  g  S  « 

f B 8 | $11 

8  vt  E  8  2  o.  o. 
^  ^  M  K  Q> 

OH  <  <  W  < 


*0  u 

R  « 


i  § 

<i 

I  L«  *3 


«»  4  U  M 

Ss 

i# 


Sfe.  S 


lS*.a8| 

rilil 


ties 

1!§iS 


u3  4n£> 


ll  I 


«  ^  H  S  4  o  aL 

tifijit 

|ifll8“ 

lfi«l!l 

■gl  «I  §  g" 

^&KS"Sg 

siligli 

l|sf<  S.l 

■3  e  M  8  V  M 


111#5'  If 
lilllil 
a|!rl|| 

a  s  8  2  »  h  t5 
15*3  §5112 


1  . 

is 

*S  1 

»J2  -2 

til  «A 

a?  .# 


NATO  -0-  OTAN 

7  RUE  ANCELLE  •  92200  NEUILLY-SUR-SEINE 
FRANCE 


DISTRIBUTION  OF  UNCLASSIFIED 
AGARD  PUBLICATIONS 


Telephone  745.08.10  •  Telex  610176 


AGARD  does  NOT  hold  stocks  of  AGARD  publications  at  the  above  address  for  general  distribution.  Initial  distribution  of  AGARD 
publications  is  made  to  AGARD  Member  Nations  through  the  following  National  Distribution  Centres.  Further  copies  are  sometimes 
available  from  these  Centres,  but  if  not  may  be  purchased  in  Microfiche  or  Photocopy  form  from  the  Purchase  Agencies  listed  below. 


BELGIUM 

Coordonnatcur  AGARD  VSL 
Etat-Major  de  la  Force  Adrienne 
Quartier  Reine  Elisabeth 
Rue  d'Evere,  1 140  Bruxelles 


NATIONAL  DISTRIBUTION  CENTRES 
ITALY 

Aeronautica  Militare 

Ufficio  del  Delegato  Nazionale  all’ AGARD 

3,  Piazzale  Adenauer 

Roma/EUR 


CANADA 

Defence  Science  Information  Services 
Department  of  National  Defence 
Ottawa,  Ontario  K 1  A.  OK2 

DENMARK 

Danish  Defence  Research  Board 
Ostcrbrogades  Kaserne 
Copenhagen  (J 

FRANCE 

O.N  E  K.A  (Direction) 

29  Avenue  de  la  Division  Lcclerc 
92320  ChJtiUon  sous  Bagneux 


LUXEMBOURG 
See  Belgium 

VtiHERLANDS  . 

Netherlands  Delegation  to. AGARD 
National  Aerospace  Laboratory.  NL  P. 

P.O.  Box  126 
26CO  A.C.  Delft 

NORWAY 

Norwegian  Defense  Research  Establishment 
Main  Library 
P.O.  Box  25 
N-2007  Kjeiler 


GERMANY 

Eachinfomia'ions’.entrum  Energie, 
Fhysik,  Mathematik  GmbH 
Xiwtbrechunpze.Hjjit) 

Lb 75 14  Eggenstein-Leopoldshafim  1 

GREECE 

Hell*  Me  Air  Force  Genstd  St-.ff 
Research  and  Development  Directorate 
HoUrgas,  Athens 


ICELAND 

Director  of  AWntion 
c/o  Flugrad 
Reykjavik 


PORTUGAL 

Direcy-So  do  Serve;  j  de  Material 

d:  Lorca  Aerea 

Rua  da  Fscola  Holltifcnics  42 

Lisboa 

Attn.  AGARD  N«tioi-.a!  ()«wgetc 
TURKEY 

Department  of  Research  and  Development  (ARGE) 
Ministr,  of  National  Defence.  Ankara 

UNITED  KINGDOM 

Defence  Research  Information  Centre 
Station  Satiate  House 
St.  Mary  Cray 
Orpington.  Kent  BR5  3RE 


UNITED  STATES 

National  Aeronautics  and  Space  Administration  (NASA) 

Langley  Field,  Virginia  23365 

Attn:  Report  Distribution  and  Storage  Unit 

THE  UNITED  STATES  NATIONAL  DISi  RIBUTION  CENTRE  (NASA)  DOES  NOT  HOLD 
STOCKS  OF  AC-ARD  PUBLICATIONS.  AND  APPLICA  TIONS  FOR  COPIES  SHOULD  BE  MADE 
DIRECT  TO  THE  NATIONAL  TECHNICAL  INFORMATION  SERVICE  (NTtS)  AT  THE  ADDRESS  BELOW. 


Micro fiehc  or  Photocopy 
Naitonal  Technical 
Information  Service  (NTtS) 
5285  Fort  Royal  Road 
Springfield 
Virginia  22161.  USA 


PURCHASE  AGENCIES 

Mietoficht 

Space  Documentation  Service 
European  Space  Agency 
>0.  rue  Mario  Nikis 
75015  PgfU,  France 


Microfiche  o*  Photocopy 
British  Library  Lending 

ISAM  Mi 

Boticri  Spa,  Wetherby 
West  Yorkshire  LS23  7  BO 
England 


RttpieKs  for  microfiche  o’  photocopier  of  AGARD  documents  should  Include  the  AGARD  aerial  number,  title,  author  or  edhot.  cnd 
publication  dale.  Requests  to  NTtS  should  include  the  N.ASA  Kcetskm  report  number.  Full  blbikqpaptocti  references  and  sbtfiKU 

of  AGARD  pubiiauionj  are  given  in  the  following  joucuaU; 


Scientific  and  Teclmicsl  Aerospace  Reports  (STAR) 
published  by  NASA  Scientific  and  Technical 
Information  Facility 
Post  Office  Box  8757 

Baltlnwre/Waghington  IstemiiOAtl  Airport 

■JAi&Uhi  . .  -  ■ 


Government  Reports  Announcemsmi  (GILA) 
published  by  the  Nairwul  Tecimteil 
Information  Services,  Spriagfitid 
Vfcjtau  22161.  USA  v  ■ 


.I*:-- 

Matd  by  TetkttkM  t'dittm  fed  Reproductkm  La 
A-JJ  MaetimtrStTcet,  Undo*  WM7M 

ISBN  92-835- 1 43G-0 


